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DECLARATION OF J. CHRISTOPHER ORTMAT UNDER 37 CFR §1.132 

Commissioner for Patents 
P..O. Box 1450 
Alexandria, VA 22313-1450 

Dear Sir: 

I, J. Christopher Grimaldi, declare and state as follows: 



1. I am a Senior Research Associate in the Molecular Biology Department of 
Genentech, Inc., South San Francisco, CA 94080. 

. 2. My scientific Curriculum Vitae, including my list of publications, is attached to 
and forms part of this Declaration (Exhibit A). 

3. I joined Genentech in January of 1999. From 1999 to 2003, 1 directed the Cloning 
Laboratory in the Molecular Biology Department. During this time I directed or performed 
numerous molecular biology techniques including semi-quantitative Polymerase Chain Reaction 
(PCR) analyses. I am currently involved, among other projects, in the isolation of genes coding 
for membrane associated proteins which can be used as targets for antibody therapeutics against 
cancer. In connection with the above-identified patent application, I personally performed or 
directed the semi-quantitative PCR gene expression analyses in the assay entitled "Tumor Versus 
Normal Differential Tissue Expression Distribution," which is described in EXAMPLE 18 in. the 
specification. These studies were used to identify differences in gene expression between tumor 
tissue and their normal counterparts. 



4. EXAMPLE 18 reports the results of the PCR analyses conducted as part of the 
investigating of several newly discovered DNA sequences. This process included developing 
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primers and analyzing e?(|)ression of the DNA sequences of interest in normal and tumor tisisues. 
The analyses were designed to determine whether a difference exists between gene expression in 
normal tissues as compared to tumor in the same tissue type. 

5. The DNA libraries used in the gene expression studies were made from pooled 
samples of normal and of tumor tissues. Data from pooled sampleis is more likely to be accurate 
than data obtained from a sample from a smgle individual. That is, the detection of variations in 
gene expression is likely to represent a more generally relevant condition when pooled samples 
from normal tissues are compared with pooled samples from tumors in the same tissue type. 

6. In differential gene expression studies^ one looks for genes whose expression levels 
differ significantly under different conditions, for example, in normal versus diseased tissue. 
Thus; I conducted a semi-quantitative analysis of the expression of the DNA sequences of 
interest in normal versus tumor tissues. Expression levels were graded according to a scale of +, - 
, and +/- to iTjdicate the amount of the specific signal detected. Using the widely accepted 
technique of PGR, it was determined whether the polynucleotides tested were more highly 
expressed, less expressed, or whether expression remained the same in Uurior tissue as compared 
to its normal counterpart. Because this technique relies on the visual detection of ethidium 
bromide staining of PGR products on agarose gels, it is reasonable to assume that any detectable 
differences seen between two samples will represent at least a two fold difference in cDNA. 

7. The results of the gene expression studies indicate that the genes of interest can be 
used to differentiate tumor from nomial. The precise levels of gene expression are irrelevant; 
what matters is that there is a relative difference in expression between normal tissue and tumor 
tissue. The precise type of tumor is also irrelevant; again, the assay was designed to indicate 
whether a difference exists between normal tissue and tumor tissue of the same type. If a 
difference is detected, this indicates that the gene and its corresponding polypeptide and 
antibodies against the polypeptide are useful for diagnostic purposes, to screen samples to 
differentiate between normal and tumor. Additional studies can then be conducted if furflier 
information is desired. 

8. I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information or belief are believed to be true, and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisomnent, or both, under Section 1001 of Title 18 of the United States 
Gode and that such willful statements may jeopardize the validity of the application or any 
patent issued thereon. 



By: 




\ // / . ^ Date:. 



Christopher Grimaldi 

' / 
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J. Christopher Grimaldi 

1434-36* Ave. 

San Francisco, CA 94122 

(415) 681-1639 (Home) 

EDUCATION University of California, Berkeley 

Bachelor of Arts in Molecular Biology, 1984 



EMPLOYMENT EXPERIENCE 



Genentech Inc., South San Francisco; 1/99 to present 

Previously, was responsible to direct and mimage the^loning Lab. QnTenUy focused on " 
isolating cancer specific genes for the TUmor Antigen (TAP), and Secreted 'I\imor Protein 
(STOP) projects for the Oncology Department as weU as Immunologically relevant genes for the 
Immunology Department. Directed a lab of 6 scientists focused on a company-wide team effort 
to identify and isolate secreted proteins for potential therapeutic use (SPDI). For the SPDI project 
my duties were, among other things, the critically important coordination of the cloning of 
thousands of putative genes, by developmg a smooth process of communication between die 
Bioinformatics, Qoning, Sequencing, and Legal teams. CoUaborated with several groups to 
discover novel genes dirough the Curagen project, a unique differential display methodology. 
iQteracted extensively wiA the Legal team providing essential data needed for filing patents on 
novel genes discovered through the SPDI, TAP and Curagen projects. My group has developed, 
miplemented and patented high throughput cloning methodologies that have proven to be 
essential for the isolation of hundreds of novel genes for the SPDI, TAP and Curagen projects as 
well as dozens of other smaller projects. 



Scientist DNAX Research Institute, Palo Alto; 9/91 to 1/99 

Involved in-midtiple psejeete auned at understanding novel genes discovered through 
bioinformatics studies and functional assays. Developed and patented a method for the specific 
depletion of eosinophils in vivo using monoclonal antibodies. Developed and unplemented 
essential technical methodologies and provided strategic direction in the areas of expression, 
cloning, protein purification, general molecular biology, and monoclonal antibody production. 
Trained and supervised numerous technical staff. 

Facilities 

Manager Corixa, Redwood City; 5/89 - 7/9 1. 

Directed plant-related activities, which included expansion planning, maintenance, safety, 
purchasing, inventory control, shipping and reiceiving, and laboratory management. Designed 
and implemented the safety program. Also served as liaison to regulatory agencies at the local, 
state and federal level. Was in charge of property leases, leasehold improvements, etc. 
Negotiated vendor contiracts and directed the purchasing department. Trained and supervised 
personnel to carry out the above-mentioned duties. 
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SRA 



University of California, San Francisco 
Cancer Research Institute; 2/87-4/89. 



Was responsible for numerous cloning projects including: studies of somatic hypenhutation, 
studies of AIDS-associated lymphomas, and clonmg of t(5; 14), t( 1 1 ; 14), and t(8; 14) 
translocations. Focused on the activation of hemopoietic growth factors involved in the t(5;14) 
translocation in leukemia patients.. 



Worked on a subunit porcine vaccine directed against Mycoplasma hyopneumoniae. Was 
responsible for geqgrating genomic libraries, sqpening with degenerate oliggnitcleotides, and 4- 
characterizing and expressing clones m E. coli. Also constructed a geheshi purpose expression 
vector for use by other scientific teams. 

PUBLICATIONS 

1. Hilary F. Clark, et al. *The Secreted Protem Discovery Initiative (SPDI), a Large-scale 
Effort to Identify Novel Human Secreted and Transmembrane Proteins: a bioinformatics 
assessment." Genome Res. Vol 13(10), 2265-2270, 2003 

2. Sean H. Adams, Clarissa Chui' Sarah L. Schilbach, Xing Xian Yu, Audrey D. (joddard, J. 
Christopher Grimaldi, James Lee, Patrick Dowd, David A. Lewin, & Steven Cohnan "BFTT, 

a Unique Acyl-CoA Thioesterase Induced in Thermogenic Brown Adiopose Tissue: Cloning, 
organization of die humanb gene and assessment of a potential link to obesity" Biochemical 
Journal, Vol 360, 135-142. 2001 

3. Szeto W, Jiang W, Tice DA, Rubinfeld B, Hollingshead PG, Fong SE, Dugger DL, Pham T, 
Yansura D, Wong TA, Grimaldi JC, Corpuz RT, Singh JS, Frantz GD, , Devaux B, Crowley 

r CW. SphwalLRH^berh^rd DA. JRasteUi L, Pofekis^P, and Eennica D. "Overexpression of 
the Retenoic Acid-Responsive Gene Stra6 in Human Cancers and its Synergistic Activation 
by Wnt-1 and Retmoic Acid." Cancer Research Vol 61(10), 4197-4205, 2001 

4. Jeanne Kahn, Fuad Mehraban, Gladdys Ingle, Xiaohua Xin, JuUet E. Bryant, Gordon Vehar, 
Jill Schoenfeld, J. Christopher Grimaldi (mcorrectly named as "Grimaldi, CJ"), Franklin 
Peale, Apama Draksharapu, David A. Lewin, and Mary E. Gerritsen. "Gene Expression 
Profiling in an in Vitro Model of Angiogenesis." American Journal of Pathology Vol 156(6), 
1887-1900,2000. 

5. Grimaldi JC, Yu NX, Grunig G, Seymour BW, Cottrez F, Robinson DS, Hosken N, Ferlin 
WG, Wu X, Soto H, O'Garra A, Howard MC, Cofftnan RL. "Depletion of eosinophils in 
mice through the use of antibodies specific for C-C chemokme receptor 3 (CCR3). Journal of 
Leukocyte Biology; Vol. 65(6), 846-53, 1999 



Research 
Technician 



Berlex Biosciences, South San Francisco; 7/85-2/87. 



6. Oliver AM, Grimaldi JC, Howard MC, Kearney JF. "Independently ligating CD38 and Fc 
gammaRIIB relays a dominant negative signal to B cells." Hybridoma Vol. 18(2), 1 13-9, 
1999 
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7. Cockayne DA, Muchamuel T, Grimaldi JC, Mufler-Steffher H, RandaU TD, Lund FE, 
Murray R, Schuber F, Howard MC. *Mice deficient for the ecto-nicotinamide adenine 
dinucieotide glycohydrolase CD38 exhibit altered humoral immune responses.** Blood Vol 
92(4), 1324-33, 1998 

8. Frances E. Lund, Nanette W, Solvason, Michael P. Cooke, Andrew W, Heath, J. Christopher 
Grimaldi, Troy D. Randall, R. M. E, Parkhouse, Christopher C Goodnow and Maureen C. 
Howard. "Signaling through murine CD38 is impaired in antigen receptor unresponsive B 
cells," European Journal of Inraiunology, Vol. 25(5), 1338-1345, 1995 

9. M. J, Guimaraes, J. F. Bazan, A. Zolotnifc, M. V. Wiles, J. C. Grimaldi, F. Lee, T. 
McClanahan, "A new approach to the study of haematopoietic development in the yolk sac 
and embiyoid body." Development, Vol. 121(10), 3335-3346, 1995 

" 10. J. Christopher^Grimaldi, Sriram Balasij^ramanian, J. Fernando Ba55an, Annen Shanafelt, " ^^^^ 
Gerard Zurawski and Maureen Howard. "CD38-mediatedproteitfiit>osylation." Journal of" 
Immunology,VoL 155(2), 811-817, 1995 

11. Leopoldo Santos- Argumedo, Frances F. Lund, Andrew W. Heath, Nanette Solvason, Wei 
Wei Wu, J. Christopher Grimaldi, R. M, E. Parkhouse and Maureen Howard. "CD38 
unresponsiveness of xid B cells imphcates Bruton's tyrosine kinase (btic) as a regulator of 
CD38 induced signal transduction," International Immunology, Vol 7(2), 163-170, 1995 

12. Frances Lund, Nanette Solvason, J. Christopher Grimaldi, R. M. E, Parkhouse and Maureen 
Howard. "Murine CD38: An immunoregulatory ectoenzyme." Immunology Today, Vol 
16(10), 469-473, 1995 

13. Maureen Howard, J. Christopher Grimaldi, J. Femando Bazan, Frances E. Lund, Leopoldo 
Santos-Argumedo, R. M. E. Parkhouse, Timothy F. Walseth, and Hon Cheung Lee. 
"Formation and Hydrolysis of Cyclic ADP-Ribose Catalyzed by Lymphocyte Antigen 
CD38." Science, Vol. 262, 1056-1059, 1993 

14. Npbuyu^iJHaiada. LeopoldQJSantos-ArgumedQ, Ray Chang, J. Christopher Grimaldi, Frances 
Lund, Camilynn L Brannan, Neal G. Copeland, Nancy A. Jenkins, Andrew Heath, R. M. E. 
Parkhouse and Maureen Howard. "Expression Clonmg of a cDNA Encoding a Novel Murine 
B Cell Activation Marker: Homology to Human CD38." The Journal of Immunology, Vol 
151,3111-3118,1993 

15. David J. Rawlings, Douglas C. Saffran, Satoshi Tsukada, David A. Largaespada, L 
Christopher Grimaldi, Lucie Cohen Randolph N. Mohr, J. Femando Bazan, Maureen 
Howard, Neal G. Copeland, Nancy A. Jenkins, Owen Witte. "Mutation of Unique Region of 
Bruton's Tyrosine Kinase in Immunodeficient XID Mice," Science, Vol. 261, 358-360, 1993 

16. J, Christopher Grimaldi, Raul Torres, Christine A, Kozak, Ray Chang, Edward Clark, 
Maureen Howard, and Debra A, Cockayne. "Genomic Structure and Chromosomal Mapping 
of the Murine CD40 Gene." The Joumal of Immunology, Vol 149, 3921-3926, 1992 

17. Timothy C. Meeker, Bruce Shkamizu, Lav^ence Kaplan, Brian Hemdier, Henry Sanchez, J. 
Christopher Grimaldi, James Baumgartner, Jacab Rachlin, Ellen Feigal, Mark Rosenblum and 
Michael S. McGrath. "Evidence for Molecular Subtypes of HIV-Associated Lymphoma: 
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Division into Peripheral Monoclonal, Polyclonal and Central Nervous System Lymphoma." 
AIDS, Vol. 5, 669-674, 1991 

18. Ann Grimaldi and Chris Grimaldi. "Small-Scale Lambda DNA Prep." Contribution to 
Current Protocols in Molecular Biology, Supplement 5, Winter 1989 

19. J. Christopher Grimaldi, Timothy C. Meeker. "The t(5;14) Chromosomal Translocation in a 
Case of Acute Lymphocytic Leukemia Joins the Interleukin-3 Gene to the Immunoglobulin 
Heavy Chain Gene." Blood, Vol. 73, 2081-2085, 1989 

20. Timothy C. Meeker, J. Christopher Grimaldi, et al. "An Additional Breakpoint Region in the 
BCL-1 Locus Associated with the t(ll;14) (ql3;q32) Translocation of B-Lymphocytic 
Malignancy." Blood, Vol. 74, 1801-1806, 1989 

21 limothy C. Meeker, J. Christopher Grimaldi, Robert CRourke, et al. "Lack of Detectable 
Somatic Hypermutation in the VjRegion of the Ig H Chain. Gene of a HumattiCaironic B 
Lymphocytic Leukemia." Hie Journal of Immunology, Vot 141, 3994-3998, 1988 

MANUSCRIPTS IN PREPARATION 

1. Sriram Balasubramanian, J. Christopher Grimaldi, J. Femando Bazan, Gerard Zurawski and 
Maureen Howard. "Structural and functional characterization of CD38: Identification of 
active site residues" 



PATENTS 

1. 'Methods for Eosinophil Depletion witti Antibody to CCR3 Receptor" (US 6,207,155 Bl). 

2. "Amplification Based Clbnmg Method." (US 6,607,899) 

3. Ashkenazi et al., "Secreted and Transmembrane Polypeptides and Nucleic Acids Encoding 
. the Sain£u"XtWs,patent.«wers sev^ 

4. "IH7 Homologous Polypeptides and Therapeutic Uses Thereof ' 

5. "Method of Diagnosing and Treating Cartilaginous Disorders." 
MEMBERSHIPS AND ACTIVITIES 

Editor Frontiers in Bioscience 



Member 



DNAX Safety Committee 1991-1999 

Biological Safety Affairs Forum (BSAF) 1990-1991 

Environmental Law Foundation (ELF) 1990-1991 
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DECLARATION OF J. CEDRISTOPHER GRIMALDL UNDER 37 C J.R. § 1.132 



Commissioner for Patents 
P.O: Box 1450 
Alexandria, VA 22313-1450 

Dear Sir 

I, J. Christopher Grimaldi, declare and say as follows: 

1 . I am a Senior Research Associate in the Molecular Biology Department of 
Genentech, Inc., South San Francisco, CA 94080. 

2. I joined Genentech in January of 1999. From 1999 to 2003, 1 directed Ihe Cloning 
Laboratory in the Molecular Biology Department During this time I directed or performed 
numerous molecular biology techniques including qualitative Polymerase Chain Reaction (PCR) 
analyses. I am ciurently involved in, among other projects, the isolation of genes coding for 
membrane associated proteins which can be used as targets for antibody therapeutics against 
cancer. In connection with the above-identified patent application, I personally performed or 
directed the semi-quantitative PCR analyses in the assay entitled "Tumor Versus Normal 
Differential Tissue Expression Distribution" which is described in EXAMPLE 1 8 in the 
specification that were used to identify differences in gene expression between tumor tissue and 
their normal counterparts. 

3.. My scientific Curriculum Vitae, including my list of publications, is attached to 
and forms part of this Declaration (Exhibit A). 

4. In differential gene expression studies, one looks for genes whose expression levels 
differ significantly under different conditions, for example, in normal versus diseased tissue. 
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Chromosomal aberrations, such as gene amplification, and chromosomal translocations are 
important markers of specific types of cancer and lead to the aberrant expression of specific 
genes and their encoded polypeptides, including over-expression and under-expression. For 
example, gene amplification is a process in which specific regions of a chromosome are 
duplicated, thus creating multiple copies of certain genes that normally exist as a single copy. 
Gene under-expression can dccur when a gene is not transcribed into mRNA. In addition, 
chromosomal translocations occur when two different chromosomes break and are rejoined to 
each other chromosome resulting in a chimeric chromosome which displays a different expression 
pattern relative to the parent chromosomes. Amplification of certain genes such as Her2/Neu 
[Singleton et al, Pathol. Annu. . 27Ptl :165-190], or chromosomal translocations such as t(5;14), 
[Grimaldi era/.. Blood, 73(8):2081-2085(1989^^ Meeker ef a/., B1qo4 76(2):285-289(l 990)] give 
cancer cells a growth or survival advantage relative to normal cells, and might also provide a 
mechanism of tumor cell resistance to qhSmofherapy^^ or^radiotherapy. When the chromosomal 
aberration results in the aberrant expression of a mRNA and the corresponding gene product (the 
polypeptide), as it does in the aforementioned cases, the gene product is a promising target for 
cancer therapy, for example, by the therapeutic antibody approach. 

5. Comparison of gene expression levels in normal versus diseased tissue has 
important implications both diagnostically and therapeutically. For exan^le, those who work in 
this field are well aware that in the vast majority of cases, when a gene is over-expressed, as 
evidenced by an increased production of mRNA, the gene product or polypeptide will also be 
over-expressed. It is unlikely that one identifies increased mRNA expression without associated 
increased protein expression. This saine principle applies to gene uhder-expression. When a 
gene is under-expressed, the gene product is also likely to be imder-expressed. Stated in another 
way, two cell samples which have differing mRNA concentrations for a specific gene are 
expected to have correspondingly different concentratioh of protein for that gene. Techniques 
used to detect mRNA, such as Northern Blotting, Differential Display, in 5jYu hybridization, 
-fiiantitative PGR; Taqman, and more recently Microarray technology all rely on the dogma that a 
change in mRNA will represent a similar change in protein. If this dogma did not hold true then 
these techniques would have little value and not be so widely used. The use of mRNA 
quantitation techniques have identified a seemingly endless number of genes which are 
differentially expressed in various tissues and these genes have subsequentiy been shown to have 
correspondingly similar changes in their protein levels. Thus, the detection of increased mRNA 
expression is expected to result in increased polypeptide expression, and the detection of 
decreased mRNA expression is expected to result in decreased polypeptide expression. The 
detection of increased or decreased polypeptide expression can be used for cancer diagnosis and 
treatment. 

6. However, even in the rare case where the protein expression does not correlate 
with the mRNA expression, this still provides significant information useful for cancer diagnosis 
and treatment. For example, if over- or imder-expression of a gene product does not correlate 
with over- or under-expression of mRNA in certain tumor types but does so in others, then 
identification of both gene expression and protein expression enables more accurate tumor 
classification and hence better determination of suitable therapy. In addition, absence of over- or 
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under-expression of the gene product in the presence of a particular over- or under-expression of 
mRNA is crucial information for the practicing clinician. For example, if a gene is over-expressed 
but the corresponding gene product is not significantly over-expressed, the clinician accordingly 
will decide jaot to treat a patient with agents that target that gene product. 

7. I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information or belief are believed to be true, and fiirther that these 
statements were made with the knowledge that willful false statements and the like so made are 
pxmishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful statements may jeopardize the validity of the application or any 
patent issued thereon. 



By: 




Date: 



Chnstopher Grimaldi 
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J. Christopher Grunaldi 

1434-36* Ave, 

San Francisco, CA 94122 

(415) 681-1639 (Home) 

EDUCATION University of California, Berkeley 

Bachelor of Arts in Molecular Biology, 1984 



EMPLOYMENT EXPERIENCE 



SRA Genentech Inc., South San Francisco; 1/99 to present 

Previously, was responsible to dirdct antf manage ^the Cloning Lab. ' €urtently focused on., '^^^^ 
isolating cancer specific genes for the Tumor Antigen (TAP), and Se^ 

(STOP) projects for the Oncology Department as well as Immunologically relevant genes for the 
Immunology Department. Directed a lab of 6 scientists focused on a company-wide team effort 
to identify and isolate secreted proteins for potential therapeutic use (SPDI). For the SPDI project 
my duties were, among other things, the critically important coordination of the cloning of 
thousands of putative genes, by developing a smooth process of communication between the 
Bioinformatics, Cloning, Sequencing, and Legal teams. Collaborated with several groups to 
discover novel genes through the Curagen project, a unique differential display methodology. 
Interacted extensively with the Legal team providing essential data needed for filing patents on 
novel genes discovered through the SPDI, TAP and Curagen projects. My group has developed, 
implemented and patented high throughput cloning methodologies that have proven to be 
essential for the isolation of hundreds of novel genes for the SPDI, TAP and Curagen projects as 
well as dozens of other smaller projects. 

Scientist DNAX Research Institute, Palo Alto; 9/91 to 1/99 

. Involved in multiple projects aimed at^uad^standing novel genes discovered through ^ 
bioinformatics studies and functional assays. Developed and patented a method for the specific 
depletion of eosinophils in vivo using monoclonal antibodies. Developed and implemented 
essential technical methodologies and provided strategic direction in the areas of expression, 
cloning, protein purification, general molecular biology, and monoclonal antibody production. 
Trained and supervised numerous technical staff . 

Facilities 

Manager Corixa, Redwood City; 5/89 - 7/91. 

Directed plant-related activities, which included expansion planning, maintenance, safety, 
purchasing, inventory control, shipping and receiving, and laboratory management. Designed 
and implemented the safety program. Also served as liaison to regulatory agencies at the local, 
state and federal level. Was in charge of property leases, leasehold improvements, etc. 
Negotiated vendor contracts and directed the purchasing department. Trained and supervised 
personnel to carry out the above-mentioned duties. 
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SRA University of California, San Francisco 

Cancer Research Institute; 2/87-4/89. 

Was responsible for numerous cloning projects including: studies of somatic hypermutation, 
studies of AIDS-associated lymphomas, and cloning of t(5; 14), t(l 1 ; 14), and t(8; 14) 
translocations. Focused on the activation of hemopoietic growth factors involved in the t(5;14) 
translocation in leukemia patients.. 

Research 

Technician Berlex Biosciences, South San Francisco; 7/85-2/87. 

Worked on a subunit porcine vaccine directed against Mycoplasma hyopneumoniae. Was 
responsiMpjEor generating genomic Bbrari^, screening with degenerate oligonudeotides, and 
characterizing and'expressing clones m E. coli; Also constructed a general purpose expression 
vector for use by other scientific teams. 

PUBLICATIONS 

1. IBlaiy F. Clark, et al. *The Secreted Protein Discovery Initiative (SPDI), a Large-scale 
Effort to Identify Novel Human Secreted and Transmembrane Proteins: a bioinformatics 
assessment." Genome Res. Vol 13(10), 2265-2270, 2003 

2. Sean H. Adams, Qarissa Chui* Sarah L. Schilbach, Xing Xian Yu, Audrey D, Goddard, J. 
Christopher Grimaldi, James Lee, Patrick Dowd, David A. Lewin, & Steven Colman*"BFIT, 
a Unique Acyl-CoA Thioesterase Induced in Thermogenic Brown Adiopose Tissue: Cloning, 
organization of the humanb gene and assessment of a potential link to obesity" Biochemical 
Journal, Vol 360, 135-142, 2001 

3. Szeto W, Jiang W, Tice DA, Rubinfeld B, Hollingshead PG, Fong SE, Dugger DL, Pham T, 
Yansura D, Wong TA, Grimaldi JC, Corpuz RT, Singh JS, Frantz GD, , Devaux B, Crowley 
CW„Schwall RH, Eberbard DA^^teUi L, Polaiis^P, and Pennica D. "Overexpression of 
the Retenoic Acid-Responsive Gene Stra6 in Human Cancers and its Synergistic Activation 
by Wnt-1 and Retinoic Acid." Cancer Research Vol. 61(10), 4197-4205, 2001 

4. Jeanne Kahn, Fuad Mehraban, Gladdys Ingle, Xiaohua Xin, Juliet E. Bryant, Gordon Vehar, 
Jill Schoenfeld, J. Christopher Grimaldi (mcorrectly named as "Grimaldi, CJ"), Franklin 
Peale, Apama Draksharapu, David A. Lewin, and Mary E. Gerritsen. "Gene Expression 
Profiling in an in Vitro Model of Angiogenesis." American Journal of Pathology Vol 156(6), 
1887-1900,2000. 

5. Grimaldi JC, Yu NX, Grunig G, Seymour BW, Cottrez F, Robinson DS, Hosken N, Ferlin 
WG, Wu X, Soto H, G'Garra A, Howard MC, Coffman RL. "Depletion of eosinophUs in 
mice through the use of antibodies specific for C-C chemokine receptor 3 (CCR3). Journal of 
Leukocyte Biology; Vol. 65(6). 846-53, 1999 

6. Oliver AM, Grimaldi JC, Howard MC, Kearney JF. "Independendy ligating CD38 and Fc 
gammaRUB relays a dominant negative signal to B cells." Hybridoma Vol. 18(2), 1 13-9, 
1999 
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7. Cockayne DA, MuchamuelT/GrimaldiJQMuner-SteffoerH^ 

Murray R, Schuber F, Howard MC. "Mice deficient for the ecto-nicotinamide adenine 
dinucleotide glycohydrolase CD38 exhibit altered humoral immune responses." Blood Vol 
92(4), 1324-33, 1998 

8. Frances E, Lund, Nanette W. Solvason, Michael P. Cooke, Andrew W. Heath, J. Christopher 
Grimaldi, Troy D. Randall, R. M. E, Parkhouse, Christopher C Goodnow and Maureen C, 
Howard. "Signaling through murine CD38 is in^aired in antigen receptor unresponsive B 
cells." European Journal of Immunology, Vol. 25(5), 1338-1345, 1995 

9. M, J, Guimaraes, J. F. Bazan, A. Zolotnifc, M. V. Wiles, J, C. Grimaldi, F. Lee, T. 
McClanahan. "A new approach to the study of haematopoietic development in the yolk sac 
and embryoid body." Development, Vol. 121(10), 3335-3346, 1995 

10. I Qhristopher Grimaldi^' SrgBm Bplasubramanian, J, Fernando Bazan, Armen Shanafelt, 
Gerard Zdrawski and Maureen Howard. "CD38-mediated protein ribosylatidn." J^^ 
Immunology,Vol. 155(2), 811-817, 1995 

11. Leopoldo Santos- Argumedo, Frances F. Lund, Andrew W. Heath, Nanette Solvason, Wei 
Wei Wu, J. Christopher Grimaldi, R. M. E, Parkhouse and Maureen Howard. "CD38 
unresponsiveness of xid B cells implicates Bruton's tyrosine kmase (btk) as a regulator of 
CD38 induced signal transduction." International Inmiunology, Vol 7(2), 163-170, 1995 

12. Frances Lund, Nanette Solvason, J. Christopher Grimaldi, R, M. E. Parkhouse and Maureen 
Howard. "Murine CD38: An immunoregulatory ectoenzyme." Inunuhology Today, Vol: 
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The t(5;14) Chromosomal Translocation in a Case of Acute Lymphocytic 
Leukemia Joins the Interleukin-3 Gene to the Immunoglobulin Heavy Chain Gene 

By J. Christopher Grimaldi and Timothy €• Meeker 



ChroiDosotnal translocations have proven to be important 
markers of the genetib abnormalities central to the patho- 
genesis of cancer. By cloning chromosonuil breakpoints 
one can identify actwated proto-oncogenes. We have stud- 
led a case of B-lineage acute lymphocytic leukemia (ALL) 
that was associated with peripheral blood eostnophilia. The 
chromosomal translocation t(5:14) (q31;q32) from this 
sample was cloned and studied at the molecular level. This 



translocation joined the immunoglobulin heavy chain Join- 
ing (Jh) region to the promoter region of the interleukin-3 
(IL-3) gene in opposite transcriptional orientations. The 
data suggest that actnration of the IL-3 gene by the 
enhancer of the immunoglobulin heavy chain gene may play 
a central role in the pathogenesis of this leukemia and the 
associated eosinophilia. 
e 1989 by GrunB & Stratton, Inc, 



KARYOTYPIC STUDIES of leukemia and lymphoma 
have identified frequent nonrandom chromosomal 
translocations. Some of these translocations juxtapose the 
immunoglobulin heavy chain (IgH) gene with important 




Fig 1. DNA blots of the leukemia sample. The restriction 
fragment pattern of normal human DNA (N| and the leukemia 
sample (U were compared using a human Jh probe. Rearranged 
bands are indicated by arrows. Sample L exhibits a single rear- 
ranged band with both Hind\\\lBc6R\ and Sflu3A restriction 
digests. The rearranged bands are less intense than the other 
bands because the majority of cells in the sample represent normal 
bone marrow elements. 



protooncogenes, such as omyc and bcl-lP In this way, the 
IgH gene can activate proto-oncogenes, resulting in disor- 
dered gene expression and a step in the development of 
cancer. The investigation of additional nonrandom transloca- 
tions into the IgH locus allows us to identify new genes 
promoting the generatioiupf leukemia and l^^mphoma. . . 

A distinct subtype of acute lymphocytic leukemia (ALL) 
has been characterized by B-lineage phenotype, associated 
eosinophilia in the peripheral blood, and a t(5;I4)(q31;q32) 
chromosomal translocation.'** This syndrome probably 
occurs in <l% of all patients with ALL. We hypothesized 
that the cloning of the translocation characteristic of this 
leukemia might allow the identification of an important gene 
on chromosome 5 that plays a role in the evolution of this 
disease. In this report we demonstrate that the interleukin-3 
gene (IL-3) and the IgH gene are joined by this transloca- 
tion. 

MATERIALS AND METHODS 

Sample and DNA blots. A bone marrow aspirate from a repre- 
sentative patient with ALL (LI morphology by French- American- 
British [FAB] a^iteria), peripheral eosinophilia (up to 20,000 per 
microliter with a normal value of <3S0 per microliter) and a 
t(S;14)(q31*,q32) translocation was studied. Using published meth- 
ods, genomic DNA was isolated and DNA blots were made.^ Briefly, 
10 Mg of high molecular weight (mol wt) DNA were digested using 
an appropriate restriction enzyme and elcctrophorescd on a 0.8% 
agarose gel'; The gel was stained with ethidium bromide, photo- 
graphed, denatured, neutralized, and transferred to Hybond (Amer- 
sham, Arlington Heights, IL). After treatment of the filter with 
ultraviolet light, hybridization was performed. The filter was washed 
to a final stringency of 0.2% saturated sodium citrate (SSC) and 
0.1% sodium lauryly sulfate (SDS) and exposed to film. The human 
Jh probe has been previously reported.^ 

Genomic library. The genomic library was made using pub- 
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lished methods.' Approximately 100 Mg of high mol wt genomic 
DNA were partially digested with the Sau3A restriction enzyme. 
Fragments from 9 to 23 kilobases (kb) in size were isolated on a 
sucrose gradient and ligated into phage EMBL3A (Strategcne, San 
Diego). Recombinant phage were packaged, plated, and screened as 
previously reported,' 

DNA sequencing. Fragments for sequencing were cloned into 
Ml 3 vectors and sequenced by the cham termination method using 
Scquenase (United States Biochemical. Cleveland)/ All sequence 
data were derived from both strands. 

RESULTS 

We studied a bone marrow sample from a patient with 
ALL and associated peripheral eosinophilia. Karyotypic 
analysis showed the characteristic t(5;14)(q31;q32) translo- 
cation. These features define a distinctive subtype of ALL.^'' 
The leukemic cells were analyzed for cell surface phenotype 
by immunofluorecence.jrhey were positive for Bl (CD20), 
H: (CD19). cALLA'"(dD10). HLA-DR, and termmal 
debxynucleotidyl transferase (Tdt), but negative for surface 
immunoglobulin. This phenotypic profile describes an imma- 
ture cell from the B-lymphocytic lineage.' 

The leukemia DNA was analyzed by Southern blotting for 
rearrangements of the IgH gene. Using a human immuno- 
globulin Jh probe, a single rearranged band was detected by 
EcoKl, HindUl, Sstl, Sau3A, and EcoRl plus Hindlll 
restriction digests, suggesting rearrangement of one allele 
(Fig 1), The immunoglobulin Jh region from the other allele 
was presumably either deleted or in the germline configura- 
tion. 

We hypothesized that the t(5;14)(q3I;q32) juxtapwed a 



growth-promoting gene on chromosome 5 with the immuno- 
globulin Jh region on chromosome 14. Therefore, a genomic 
library was made from the leukemic sample and screened 
with a Jh probe. Fifteen distinct positive clones were isolated 
and screened for the presence of the rearranged Sau3A 
fragment that was detected by DNA blotting. By this 
analysis, five clones appeared to represent the rearranged 
allele identified by DNA blots. One of these clones (clone no. 
4) was chosen for further study and a detailed restriction 
map was generated. The EcoKl, /f//tt/III/£coRI, and Sstl 
fragments from clone no. 4 that hybridized to the human Jh 
probe were also identical in size to the rearranged fragments 
from the leukemia sample, confirming that clone no. 4 
represented the rearranged leukemic allele. 

Phage clone no. 4 contained 3.7 kb of unknown origin 
joined to the IgH gene in the region of Jh4 (Fig 2). The IgH 
gene from Jh4 to the Cmu region appeared to be in germline 
configuration. Previously,- the gene encoding hematopdietic 
growth factor IL-3 had been mapped to chromosome 5q3 1 so 
it was suspected that clone no. 4 might contain part of this 
gene.*"'^ When the restriction map of human IL-3 and clone 
no. 4 were compared, they were identical for more than 3 kb 
(Fig 2). 

We confirmed the juxtaposition of the IL-3 gene and the 
IgH gene by nucleic acid sequencing of the subcloned 
BstEll/Hpal fragment (Fig 2). The sequence of this frag- 
ment showed no disruption of the protein coding region or the 
messenger RNA of the IL-3 gene. The break in the IL-3 gene 
occurred in the promoter region, 452 base pairs (bp) 
upstream of the transcriptional start site (position 64, Fig 
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H5:l4> CHROMOSOMAL TRANSLOCATION 

3A). The break in the IgH gene occurred 2 bp upstream of 
the Jh4 region. Between the two breaks, 25 bp of uncertain 
origin (putative N sequence) were inserted."*" No sequences 
homologous to the immunoglobulin heptamer and nonamer 
could be identified in the IL-3 sequence (Fig 3B). Therefore, 
nucleic acid sequencing confirmed the juxtaposition of the 
IL-3 gene and the IgH gene. The sequence data clearly 
showed that the genes were positioned in opposite transcrip- 
tional orientations (head-to-head). 

Available data also allowed us to determine the normal 
positions of the IL-3 gene and the GM-CSF gene in relation 
to the centromere of chromosome 5 (Fig 4). The IgH gene is 
known to be positioned with the variable regions toward the 
telomere on chromosome 14q>" It has also been shown that 
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GM-CSF maps within 9 kb of IL-3 in the same transcrip- 
tional orientation." Using this information and assuming a 
simple translocation event in our sample, we can conclude 
that the IL-3 gene is normally more centromeric, and the 
GM-CSF gene more telomeric on chromosome 5q (Fig 4). 
Furthermore, both are transcribed with their 5' ends toward 
the centromere. 

DISCUSSION 

In this report we have cloned a unique chromosomal 
translocation that appears to be a consistent feature of a rare, 
yet distinct, clinical form of acute leukemia. This transloca- 
tion joined the promoter of the IL-3 gene to the IgH gene. 
Except for the altered promoter, the IL-3 gene appeared 



********* 

5 « TTTCTTGTTTCACTGATCtWyVGTACTAGAAAGTCATGGATGAATAATTACGT^ 400 
I •SS^MACTGACTAGAACTCATGATC 

5 -CAGATAAAGATCCTTCCGACGCCTGCCCCACACCACCACCTCCCCCCGCCTTGCCCGGG^ 480 
^SCTATTTCTAG«AfiScG^ 

S'CACATATWVGGCGGGAGGTTGTTGCCAACTCTTC&GAOCCCCACGAAGGACCAGARCAAGACAGfl^ 560 

r Sct^^cgccctcxaacaacggttcagaagtctc^ 

5«CCAAACATGAGCO^Cm:CCGTCCTCCTCCT^ 64t 

I'S^S^tcgSotSgSgacgaggacgaggttgaggaccaggcggggcc^ 



5'AACGTCCTTGAAGACAAGCTGGGTTAAC 3' 
3«TTGCAGGAACrrCTGTTCGACCCAATTG 5' 

++++++++++++++++++++++ 



..qu«»c« from position 64 to 668 is tl,at of the jermlme IL-3 /"^V^;? Jjt!, .J^^^S »» 
denotes the identical nucleotide between sequences. No heptamer or nonamer is identified In the IL-3 sequence. 
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RS 4. Diagram of the translocation. The normal chromoaome 
6q31 is shown with the GiM-CSF gene teiomeric to the IL-3 gene in 
the transcriptional orientation shown. On normal chromosome 
14<j32 the Vh regions are teiomeric. The t(6:14)(q31 ;q32j transto- 
cation results in the head-to-head orientation of these genes. 
Symbols are defined in Fig 2. BP. brealcpotnt position. 



intact as no deletions, insertions, or point mutations were 
detected by restriction mapping of the entire gene and 
sequencing of part of the gene. The IgH gene has been 
truncated at the Jh4 region, which places the immunogiobu- 
!in enhancer within 2.5 kb of the IL-3 gene." " This leads to 
the hypothesis that the enhancer is increasing transcription 
of a structurally normal IL-3 gene. The same mechanism is 
important for activation of the.c-mvc gene in some cases of 
Burkitfs lymphoma." An alternate hypothesis is that the 
elimination of an upstream IL-3 promotor element is crucial 
to the activation of the IL-3 gene. 

The proposed activation of the IL-3 gene suggests that an 
autocrine loop is important for the pathogenesis of this 
leukemia. Over-expression of the IL-3 gene coupled with 



the presence of the II/-3 receptor in these cells could account 
for a strong stimulus for proliferation. In this regard, there 
are data indicating that immature B-Uneage lymphocytes 
and B-lineage leukemias may express the IL-3 receptor ^'-^^ 

An additional feature of this type of leukemia is the 
dramatic eosinophilia, consisting of mature forms. It has 
been hypothesized that the eosinophils do not arise from the 
malignant clone, but are stimulated by the tumor."-" 
Because of the known eflfect of IL-3 on eosinophil differentia- 
tion, secretion of high levels of IL-3 by leukemic cells might 
have a role in the eosinophilia in this type of leukemia." 

The data suggest that the recombination mechanism that 
is active in the IgH gene during normal differentiation has a 
role in this translocation,"*" This is supported by the break- 
point location at the 5' end of Jh4 and the presence of 
putative N-region sequences. On the other hand, no recombi- 
nation signal sequence (heptamer ia^jionamer) was found' 
ih this regioii^on chromosome 5, suggesting that additional 
factors also played a role. Further studies will elucidate the 
mechanism of this and other translocations. 

In the leukemia we studied, it is possible that the immuno- 
globulin enhancer also activates the GM-CSF gene, since 
this gene is probably positioned only 14 kb away (Fig 4). This 
is known to be within the range of enhancer activation." The 
interleukin-5 (IL-5) gene maps to chromosome 5q31.^ 
Deregulation of the IL-5 gene by this translocation would act 
synergistically with IL-3 in the stimulation of eosinophil 
proliferation and differentiation." These and other questions 
will be answered by the study of more patient samples. We 
plan to determine whether the t(5;14)(q3l;q32) transloca- 
tion is capable of activating multiple lymphokines simulta- 
neously and whether they cooperate in the genmition of this 
leukemia. 
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EAPID COMMUNICATION 

ActiYation of the Interleukin-3 Gene by Chromosome Translocation in Acute 
Lymphocytic Lenlcemia With Eosinophilia 

By Timothy C. Meisker, Dan Hardy, Cheryl NArtllman, Thomas Hogan, and John Abrams 



The t(5;14)(q31;q32} translocation from B-lineage acute 
lymphocytic leukemia wKh eosinophilia has been cloned 
from two leukemia samples, in both, cases, this transloca- 
tion Joined the IgH gene and the interieukin-3 (IL-3) gene. In 
one patient, excess IL^ mRNA was produced by the 
leukemic ceils. In the second patient, serum IL-3 levels 
were measured and shown to correlate with disease 

A NUMBER OF chromosome translocations have been 
associated with human leukemia and lymphoma. In 
many cases the study of these translocations has led to the 
discovery- or characterization of proto-oncogenes, such as 
bcl'lt Crabl^ and c-myc^ that are located iiijacent to the 
translocation.'*' It is now ^dely understood that cancer- 
associated translocations disrupt nearby proto-oncogenes. 

A distinct subtype of acute leukemia is characterized by 
the triad of B-lineage immunophenotype, eosinophilia, and 
the t(5;14)(q3i;q32) translocation.^'^ Leukemic cells from 
such patients have been positive for terminal deoxynucleotidyl 
transferase (Tdt), conunon acute lymphoblastic leukemia 
antigen (CALLA), and CD 19, but negative for surface or 
cytoplasmic immunoglobulin. In previous work, we cloned 
the t(5;14) breakpoint from one leukemic sample (Case 1) 
and determined that the IgH and interleukin-3 (IL^3) genes 
were joined by this abnormality.' In this report, wc extend 
those findings by showing that the t(5;14)(q31;q32) translo- 
cation from a second leukemia sample (Case 2) has a similar 
structure, and we report our study of growth factor expres- 
sion in these patients. 

MATERIALS AND METHODS 

'Samples and Southern blots. Case 1 has been described.*-' 
Clinical features of Case 2 have been described in detail.' DNA 
isolation and Southern blotting was done using previously described 
methods.' Hlters were hybridized with an immunoglobulin Jh probe, 
a 280 bp BamHl/EcoKl genomic IL-3 fragment, and an IL-3 
cDNA probe." 

Northern blots. RNA isolation and Northern blotting have been 
described.* Briefly, Northern blots were done by separating 9Mg 
total RNA on 1% agarose-formaldehyde gels. Equal RNA loading in 
each lane was confirmed by ethidium bromide staining. Blots were 
hybridized with an IL*3 cDNA probe extending to the Xho I site in 
exon 5, a 720 bp Sst l/Kpn I probe derived from intron 2 of the IL-3 
gene, a 600 bp Nhe l/Hpa I IL-5 cDNA probe, and a 500 bp Pst 
l/Nco I granulocyte-macrophage colony stimulating factor (GM- 
CSF)cDNA probe.'*-" 

Polymerase chain reaction. Primers were designed with BamHl 
sites for cloning. One primer hybridized to the Jh sequences from the 
IgH gene (Primer 144:5'-TAGGATCCGACGGTGACCAGGGT). 
and the other hybridized to the region of the TATA box in the IL-3 
gene (Primer 161: 5'-AACAGGATCCCGCCTTATATGTGCAG). 
Polymerase chain reaction (PGR) (95*»C for 1 minute, 61*C for 30 
seconds, and 72^C for 3 minutes) was done using 500 ng genomic 
DNA and 50 pmol of each primer in 100 itL containing 67 mmol/L 
Tris-HQ pH 8.8. 6.7 mmol/L MgClj, 10% dimethyl sulfoxide 
(DMSO). 170 Mg/mL bovine serum albumin (BSA) (fraction V), 



activity. There was no evidence of excess granulocyte/ 
macrophage colony stimulating factor (GM-CSF) or IL-5 
expression. Our data support the formulation that this 
subtype of leukemia may arise in part because of a 
chromosome translocation that acth^ates the IL-3 gene, 
resulting In autocrine and paracrine growth effects. 
e 1990 by The American SodBty of Hematology. 

16.6 mmol/L anunonium sulfate, 1.5 mmol/L each dNTP and Taq 
polymerase (Perkin-Elmer, Norwalk, CT)." 

Sequencing, Sequencing was done by cham termination in M 1 3 
v^tors.'^ As part of this study, we sequoiced a subclone of a nomal . 
IL-3 promotorv covering 598 bas^airs Jrpm a Sma I site at position 

1240 (wttinespect to the proposed site of traiiscription initiation) 
to an Nhe I site at position —642. The plasmid containing thb region 
was a gift from Naoko Arai of the DNAX Research Institute. 

Expression in Cos? cells. A genomic IL-3 fragment from Case 1 
was cloned into the pXM expression vector.*" Briefly, the Hindlll/ 
Sal I fragment containing the IL-3 gene was subcloned from the 
previously described phage clone 4 into pUC18.' The 2.6 kb 
fragment extending from the Sma I site 61 bp upstream of the IL-3 
transcription start to the Sma I site in the polylinker was cloned into 
the blunted Xho I site of pXM. The negative control construct was 
the pXM vector without insert. Plasmids were introduced into Cos7 
cells by electroporation, and supernatant was collected after 48 
hours in culture. 

TFI bioassay, TF-1 cells were passaged in RPMI 1640 supple- 
mented with 10% heat-inactivated fetal bovine serum, 2 mmol 
L-glutamine, and 1 ng/mL human GM-CSF." Samples and antibod- 
ies were diluted in this same medium lacking GM-CSF but contain- 
ing penidllin and streptomydn. A 25 ^L volume of serial dilutions of 
patient serum was added to wells m a flat bottom 96-weU miciotiter 
plate. Rat anti-cytoklne monoclonal antibody in a volume of 25 mL 
was added to appropriate wells and preincubated for 1 hour at 37**C 
Fifty microliters of twice washed TF-1 cells were added to each well, 
r -giving a final cell concentration of 1 x 10* cells per well (final 
yolume, 100 ^L). The plate was incubated for 48 hours. The 
remaining cell viability was determined metabotically by the oolori- 
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SfCIXXXMTQGrrOCXAAQ C^^ 

44^++4^+4+4-4441-f^+4+ 4+4-4444444 4444+444444444 

S'crocx:Acra(mxx;AAacmo^^ 

(-9J4)*+4*444+444+444444444444444444444++4444 

Fig 1. Breakpoint sequences for Cese 2. The germline IgJhB region sequence (protein coding region and recombination skinat 
sequences are underlined) is on top, the translocation sequence from Cass 2 (PCB primer sequences and putative N region are undo li «dl 
is in the middle, and the germline IL-3 sequence, which we derh/ed from a normal IL-3 done, is on the bottom/ + indicates that rfl 
sequence has the same nucleotide. The sequence documents the haad-to-head joining of the IL-3 and IgH genes. The breakpoint in tfie^^ 
gene occurred at position —934 (*). 



Clone 



IL3 



metric method of Mosmami using a VM ax microtiter plate reader 
(Molecular Devices, Menlo Park, CA) set at 570 and 650 nmJ* 
Cytokine immunoassays. These assays used rat monoclonal 
. „ ^ anti^okine antibodies'(10 $tg/mL) to coat the wcUs of a PVC 
^"'^^mic^ptitcr plate. The capture &tibodies used wcrc-BVD3-6G8, ' 
JES1-39D10. and BVD2-23B6, for tiic 11^3. IL-S. and GM-feSF*^ 
assays, respectively. Patient sera were then added (undiluted and 
diluted 1:2 for IL-3, undiluted for IL-5, and undiluted and diluted 
1:5 for GM-CSF). The detecting immunoreagents used were either 
mouse antiserum to IL-3 or nitroiodophenyl (NIP)-derivatized rat 
monoclonal antibodies JES1-5A2 and BVD2-21C11, spcdfic for 
IL-5 and GM-CSF, respectively. Bound antibody was subsequently 
detected with inamunoperoxidasecoiyugates: horseradish peroxidase 
(HRP)-labeled goat anti-mouse Ig for IL-3. or HRP-labeled rat (J4 
MoAb) anti-hflP for IL-5 and GM-CSF. The chromogenic sub- 
strate was 3-3'azino-bis-benzthiazoline sulfonate (ABTS; Sigma, St 
Louis, MO). Unknown values were interpolated from standard 
curves prepared from dilutions of the recombinant factors using 
Softmax software available with the VMAX microplate reader 
(Molecular Devices). 



RESULTS 

Leukemic DNA from Case 2 was studied by Southern 
blotting. When digested with the Hindlll restriction enzyme 
and hybridized with a human immunoglobulin heavy chain 
joining r^on (Jh) probe, a rearranged fragment^at^af^oxi- 
mately 14 kb was detected (data not shown). WhetFrcprobed 
with cither of two different IL-3 probes, a rearranged 14 kb 



fragment, comigrating with the rearranged Jh fragment, was 
identified. Whea lcukemic DNA was digested with jyindlll 
plus EcoRL, a rearranged Jh fragment was detected at 6 kb 
The IL.3 probes.also identified a comiiritlhg 'fra^e^t of 
this size. These experiments indicated that the leukemic 
sample studied was clonal and that a single fragment 
contained both Jh and IL-S sequences, suggesting a translo- 
cation had occuned. 

To characterize better the joining of the IL-3 gene and the 
immunoglobulin heavy chain (IgH) gene, the polymerase 
Cham reaction (PCR) was used to clone the translocation.'^ 
A Jh primer and an IL-3 primer were designed to produce an 
amplified product in the event of a head-to-head transloca- 
tion. While control DNA gave no PCR product. Case 2 DNA 
yielded a PCR-derivcd fragment of approximately 980 bp 
which was cloned and sequenced. ' 

The DNA sequence of the translocation clone from Case 2 
confirmed the joining of the Jh region with the promoter of 
the IL-3 gene in a head-to-head configuration (Fig 1). 
Sequence analysis indicated that the breakpoint on chromo^ 
some 14 was just upstream of the Jh5 coding region. The 
breakpoint on chromosome 5 occurred 934 bp upstream of 
the putative site of transcription initiation of the IL-3 gene. 
We also determined that a putative N swjucnce of 17 bp-^as 
inserted between the chromosome 5 and clif6fii<«omc 14 
sequences during the translocation event."*" Figure 2 shows 
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Fig 2. Relationship of chromosome 6 breakpoints to the IL-3 gene. This figure shows the two cloned breakpoints (arrows) in relation t 
the normal IL-3 gene."-'** One breakpoint occurred at position -462 and the other at -934 (arrows). In both circumstances the 
translocations resulted hi a head-to-head Joining of the IgH gene and the IL-3 gene, leaving the mRNA an^ protein coding regions of thi IL-3 
gene intect. Boxes denote the five lL-3 axons; restriction enzymes are (B) BamHL (P) Pet I, (H) Hpa I (E) f coRL and XX) Xito I 
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. Fig 3. Oocumontation cf inRNA over'-^xpression, A Northern blot was prepared and hybricfized with a probe fbr IL*3. Lane 1 
contained RNA from unstimulated peripheral blood lymphocytes (PBL) as a negath^e control. Lane 2 contained RN A from PBL stimulated for 
4 hours with concanavaKan A (ConA), and lane 3 contained RNA from PBL stimulated whh ConA for 48 iMurs. As In the positive control 
lanes (2 and 3)« a 1 kb band was identified in the leukemic sample from Case 1 (lane 4, tower arrow)* suggesting aberrant expression of the 
JIH^ 0!a>ne. In addition, ths«l«Hdc4tinic sample showed over-^xpression of oin unspticed 2.9 kb IL-3 transcript (lane 4, upper arrow). .We 
^dci^mented that this represented an i|i«Bplloed precursor of. the, mature 1 kb transcript by showing that this band hybridized toa^^olre' 
from intron 2 A the IL-3 gene. A shnOar 2^ kb band was detect^ tiitiiir2*'Migge8tino that an 0.-3 mRNA of this size is sometimes 
detectable in normal mitogen-atimuiated cells. Lane 6 through 10 represent RNA from six samples of B-Oneage acute lymphocytic leukemia 
without the t(S;i4) transk>cation. Indicating that only the sample with the translocation exhibited IL-3 over-expression. Case 2 could not be 
analyzed by Northern blot because too few cells were available for study. 



the locations of the two cloned breakpoints in relation to the 
IL-3 gene. The two chromosome S breakpoints were sepa- 
rated by less than 500 bp. 

The genomic structure in Cases 1 and 2 suggested that a 
normal IL-3 gene product was over-expressed as a result of 
the altered promoter structure. This would predict that the 
IL-3 gene on the translocated chromosome was capable of 
making IL-3 protein. This prediction was tested by express- 
ing a genomic fragment from the translocated allele of Case 
1 containing all five IL-3 exons under the control of the SV40 
promotor/enhancer in the Cos? cell line. Cell supematants 
were studied in a proliferation assay using the factor depen- 
dent erythroleukemic cell line, TF-1. The supematants' 
derived from transfections using the vector plus insert 



highest, the IL-3 level was highest. No serum GM-CSF or 
IL-5 could be detected. 

Since the IL-3 immunoassay measured only immunoreac- 
tive factor, we confimed that biologically active IL-3 was 
present by using the TF-1 bioassay. This bioassay can be 
rendered monospecific using appropriate neutralizing mono- 
clonal antibodies specific for IL-3, IL-5, or GM-CSF. We 
observed that sera from 1-16-84 and 3-14-84 contained TF-1 
stimulating activity that could be blocked with anti-IL-3 
MoAb (BVD3-6G8), but not with MoAbs to IL-5 (JESl- 
39D10) or GM-CSF (BVD2-23B6) (Fig 4; GM-CSF data 
not shown). The amount of neutralizable bioactivity in these 
two samples correlated very well with the difference in 11^3 
levels obtained by immunoassay for these samples. Further- 



supported TF-1 prolif.^^^^^ ^^^^^ ^^^^^^ ^^^^ ^p.^ proUferating activity with 

fectionsj^^^^ the vector alone were negative m this^sSTr^ ^^.CfjT^ a«*i-r;vrrr-«F «,oc ^«^;c?.«* .uJ 
(aaWitol shoivn). Furtheftnore, the biologic activity coUtd be 



blocked by an antibody to human IL-3 (BVD3-6G8). This 
result showed that the translocated allele retained the ability 
to make IL-3 mRNA and protein. 

The level of expression of IL-3 mRNA in leukemic cells 
from Case I was assessed. Northern blotting showed that the 
mature IL-3 mRNA (approximately 1 kb) and a 2.9 kb 
unspliced IL-3 mRNA were excessively produced by the 
leukemia (Fig 3). The 2.9 kb form of the mRNA is also 
present at low levels in normal peripheral blood T lympho- 
cytes after mitogen activation (Fig 3). Several B-lineage 
acute leukemia samples without the t(5;14) translocation 
had undetectiible levels of IL-3 mRNA in these experiments. 
In addition, although genes for GM-CSF and IL-5 map close 
to the 11^3 gene and might have been deregulated by the 
translocation, no 11^5 or GM-CSF mRNA could be detected 
in the leukemic sample (data not shown). 

Three serum samples from Case 2 were assayed by 
immunoassay for levels of IL-3, GM-CSF. and IL-5 (Table 
1). Serum IL-3 could be detected and correlated with the 
clinical course. When the patienfs leukemic cell burden was 



eithec^Qpti-IL-5 or anti-GM-CSF was consistent with^h^r. 
inability to measure these factors by immunoassay and 



Table 1. 



Peripheral Blood Counts and Growth Factor Levels 
at Different Times bi Case 2 

Sample Date 





11/16/83 


1/16/84 


3/14/84 


Peripheral blood counts (ceUs/iiL) 








WBC 


81,800 


116,500 


12,300 


Lymphoblasts 


0 


33.785 


0 


Eosinophils 


46,626 


73,080 


616 


Serum growth factor levels (pg/mL> 








IU-3 


• <444 


7,995 


1,051 


GM-CSF 


<16 


<15 


<15 


a--5 


<50 


<50 


<50 



Peripheral blood counts from Case 2 at three different time points with 
the correspondinQ growth factor levels quantified by immunoassay. The 
patient received chemotherapy between 1/16/84 and 3/14/84 to lower 
his leukemic burden.^ No serum samples were available for a similar 
analysis of Case 1. 

/Abbreviation: WBC, v\^te blood celts. 
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Fig 4. Bioassay of s«nim IL-3. Leukemic patient MTB w«e» tested for HoacA/a II J o».i u J! I- .K« Tc . .-^ 
re^«».of*,di.ut.ontol„dte.tedonthehoZ«^ 

vertical axle. Serum from all three time poHitewas as«iy«l aimaitaneously. The assay wasrendM^^n^St^!!. "T^** °" *• 



indicated that these other myeloid growth factors were not 
detcctably circulating in the serum of this patient. 

DISCUSSION 

In this report, we have extended our analysis of acute 
lymphocytic leukemia and cosinophilia associated with the 
t(5;14) translocation. In both cases we have studied, we have 
documented the joining of the IL-3 gene from chromosome 5 
to the IgH gene from chromosome 14. The breakpoints on 
chromosome 5 are within 500 bp of each other, suggesting 
that additional breakpoints will be clustered in a small region 
of the IL-3 promotor. The PGR assay we have developed will 
be useful in the screening of additional clinical samples for 
this abnormality. 

The finding of a disrupted IL-3 promotor associated with 
an otherwise normal IL.3 gene implied that this transloca- 
tion might lead to the over-expression of a normal IL-3 gene 
productrin this work, we have docu^^^HSit this is jtjge/ ' 
In addi'ti&i, neither GM-GSF nor IL-5 are over-exprcswd by 
the leukemic cells. Furthermore, in one patient, serum IL-3 
could be measured and correlated with disease activity. To 
our knowledge, this is the first measurement of human IL-3 
in serum and its association with a disease process. The 
measurement of serum IL-3 in this and other clinical settings 
may now be indicated. 



The finding of the IL-3 gene adjacent to a cancer- 
associated translocation breakpoint suggests that its activa- 
tion is important for oncogenesis. It is our thesis that an 
autocrine loop for IL-3 is important for the evolution of this 
leukemia.^' The excessive IL-3 production that we have 
documented would be one feature of such an autocrine loop. 
The final proof of our thesis must await additional data. In 
particular, from the study of additional clinical samples, it 
will be necessary to document that the IL-3 receptor is 
present on the leukemic cells and that anti-IL-3 antibody 
decreases proliferation of the leukemia in vitro. 

An important aspect of this work is the suggestion of a 
therapeutic approach for this disease. If an autocrine loop for 
IL-3 can be documented in this disease, attempts to lower 
circulating IL-3 levels or block the interaction of IL-3 with 
its receptor may prove useful. Because it is also possible that 
the eosinophOia in these patients is mediated by the para- 
"crine ^ffects of ieu£emia^erjy«i Il^^sjoajJarmterventionr 
may improve this aspect of the disease. Antibodies or 
engineered ligands to accomplish these goals may soon be 
available. 
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Clinical and Pathologic Significance of tlie 
c-erbB-2(HER-2/neii) Oncogene 

Timothy P. Singleton and John G. Strickler 



' The c-erfcB-2 oncogene was first shown to have clinical significance in 1987 by 

I Slamon ct al,*™ who reported that c-eriB-2 DNA amplification in breast carcino- 

:i znas correlated with decreased survival in patients with metastasis to axillary 

'< lymph nodes. Subsequent studies, however, of c-erfcB-2 activation in breast 

i carcinoma reached conflicting conclusions about its clinical significance. This 
I oncogene also has been reported to have clinical and pathologic implications in 
'.^ other neoplasms. Our review summarizes these various studies and examines 
\ the clinical relevance of c-erfcB''2 activation, which has not been emphasized in 
^ recent reviows.^^^W'K The molecular biology of the c-crbB-2 oncogene has been 

extensively reviewed*'*'**" and will be discussed only briefly here. 

BACKGROUND 

ii The c-6r&B-2 oncogene was discovered in the 1980s by three lines of investiga* 
I tion. The neu (mcogene was detected as a mutated transforming gene in 
j neuroblastomas induced by e thylnitrosurea treatment of fetal rats.®-'^^^*'^ The c- 
^ cr!)B-2 was a human gene discovered by its homology to the retroviral gene v- 

erbB.^*'^ HEH-2 was isolated by screening a human genomic DNA library for 
homology with v-eriB." When the DNA sequences were determined subse« 
quently, c-erfeB-2, if£/l-2, and neu were found to represent the same gene. 
Recendy, the c-erbB-2 oncogene also has been referred to as NGL. 

The c-erfcB-2 DNA is located on human chromosome 17q21*»-^«^ and codes 
for t^erhh-l mRNA {4.6 kb), which translates c-erbB-2 protein (pl85). This 
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protein is a normal component of cytoplasmic membranes. The 
oncogene is homologous with, but not identical to, c-erfeB-l, which is located 
on chromosome 7 and codes for thcrcpidcrmal growth fector rcccptor.«'^» The c- 
erfcB-2 protein is a receptor on cell membranes and has intracellular tyrosine 
kinase activity and an extracellular binding domain.*-'** Electron microscopy 
with a polyclonal antibody detects c-erbB-2 immunoreaclivity on cytoplasmic 
membranes of neoplasms, especially oii microvilli and the non-villous outer cell 
membrane.®^ In normal cells, immunohistochemical reactivity for c-erbB-2 is 
frequently present at the basolateral membrane or the cytoplasmic membrane's 
brush border.«-» 

There is experimental evidence that c^crbB-2 protein may be involved in 
the pathogenesis of breast neoplasia. Overproduction of otherwise normal c- 
er[iB-2^it^tein ^an transform a ceJUinbi into a malignant phenotype.«s Also, 
\^4icn the ott^ene containingah activating point mutation is placed ia 
transgenic mice with a strong promoter for increased expression, the mice 
develop multiple independent mammary adenocarcinomas.i®'^ other experi- 
ments, monoclonal antibodies against the neu protein inhibit the growth (in 
nude mice) of a neti-transformed cell line,**-^® and immuni2ation of mice with 
neu protein protects them from subsequent tumor challenge with the neu- 
transformed cell line." Some authors have speculated that the use of antago- 
nists for the unknown ligand could be useful in future chemotherapy. 85 Further 
review of this experimental evidence is beyond the scope of this aitlde. 

The c-erfcB-2 activation most likely occurs at an early stage of neoplastic 
development. This hypothesis is supported by the presence of c^tB-2 activa- 
tion in both in situ and invasive breast carcinomas. In addition, studies of 
metastatic breast carcinomas usually demonstrate uniform c-€riB-2 activation 
at multiple sites in the same patient, although c-«i*B-2 acttvatloh has 

rarely been detected in metastatic lesions but not in the primary tumor;*' 
Even more rarely, c-criB-2 DNA amplification has been detected in a primary 
breast carcinoma but not in its lymph node metastasis.* In patients who have 
bilateral breast neoplasms, both lesions have similar patterns of c-€rfcB-2 activa- 
tion, butlDnly a few such caseis have been studied, "^T 

MECHANISMS OF c^r6B<2 ACTIVATION 



The most common mechanism of c-erbB-2 activation is genomic DNA amplifica- 
tion, which almost always results in overproduction of c-crfeB-2 mRNA and 
protein. The oerfoB-2 amplification may stabilize the overproduction of 

mRNA or protein througli unknown mechanisms- Human breast caroinomas 
with c-erfoB.2 amplification contain 2 to 40 times more o-erbB-2 DNA<« and 4 to 
128 times more c-erbB-2 mIlNA»*-^ than found in normal tissue. Most human 
breast carcinomas with c-erbB-2 amplification have 2 to 15 times more c-€rbB-2 
DNA, T\iraors with greater amplification tend to have greater overproduc- 
tiQn 17,52,65 The non-mammary neoplasms that have been studied tend to have 
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similar levels of c-er&B-2 amplification or overproduction relative to the eorre- 
sponding normal tissue. 

The second most common mechanism of c-erfeB-2 activation is overproduc- 
tion of mRNA and protein without amplification of c-er&B-2 DNA,^^ 
The quantities of mRNA and protein usually are less than those in amplified 
cases and may approach the small quantities present in normal hreast or other 
Ussues."'So,a The c-erfcB-2 protein overproduction without mRNA overproduc- 
tion or DN A amplification has been described in a few huxnan breast carcinoma 
cell lines.^^ 

Other rare mechanisms of c-crfcB-8 activation have been reported. Translo- 
cations involving the c-er2^B-2 gene have been described in a few mammary and 
gastric carcinomas, although some reported cases may^ represent restriction 
fragment yng&iv^olyjniorphisms^^or incomplete restriction ^iizyme digestions 
that raimic'tranSGcations.^i'^'"^"'*^^** A single point mutation in the transmem- 
brane portion of neu has been described in rat neuroblastomas induced by 
ethylnitrosurea>»« The mutated neu protein has increased tyrosine kinase activ- 
ity and aggregates at the cell membrane, i^****^* Althou^ there has been specula- 
tion that some of the amplified c-erfeB-2 genes may contain point mutations,*^ 
none has been detected in primary human neoplasms. ^^'^'"^ 



TECHNIQUES FOR DETECTING o-erbB-2 ACTIVATION 
Detection of c-erfrB«2 DNA Amplification 

Amplification of c-er&B-2 DNA is usually detected by DNA dot blot or South- 
em blot hybridization. In the dot blot method, the extracted DNA is placed 
directly on a nylon membrane and hybridized with a oerbh-i DNA probe. In 
the Southern blot method, the extracted DNA is treated with a restriction 
enzyme, and the fragments are separated by electrophoresis, transferred to a 
nylon membrane, and hybridized with a c-erfcB-2 DNA probe. In both tech- 
niques, c-erbB-2 amplification is quantified by compwing the intensity (thea- 
sured by densitometry) of the hybridization bahds from the sample with those 
from control tissue. 

Several technical problems may complicate the measurement of c-erfcB-2 
DNA amplification. First, the extracted tumor DNA may be excessively de- 
graded or diluted by DNA firom stromal cells*" Second, the o-ef6B-2 DNA 
probe must be carefully chosen and labeled. For example, oligonucleotide c- 
crfoB-2 probes may not be sensitive enough for measuring a low level of c-criB- 
2 amplification, because diploid copy numbers can be difficult to detect (unpub- 
lished data). Third, the total amounts of DNA in the sample and control tissue 
must be compensated for, oflen with a probe to an unamplified gene. Many 
studies have used control probes to genes on chromosome 17, the location of c- 
erfoB-2, to correct for possible alterations in chromosome number. Identical 
results, however, are obtained by using control probes to genes on other chro- 
mosomes,*® " with rare exception,*^ Studies using control probes to the beta- 
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globin gene must be interpreted with caution, because one allele of this gene is 

deleted occasionally in breast carcinomas.^ \ 

Amplification of c-ef&B-2 DNA was assessed by using the polymerase 
chain reaction (PGR) in one recent study. ^2 Oligoprimers for the c-erfcB-2 gene 
and a control gene are added to the sample s DNA, and PGR is performed. If 
flie sample contains more copies of c-^iB-2 DNA than of the control gene, the 
c-er2»B-2 DNA is replicated preferentially. | r. 

V 

Detection of c-erbB-2 mRNA Overproduction )^ 

Overproduction of c-erfcB-2 mRNA usually is measured by RNA dot blot or 
; Northern blot hybridization. Both techniques require extraction of RNA but \ 

otherwise are analogous to DNA dot blot and Southern blot hybridization. Use 
. ^ of PGR foF^tedtiott of c-€?!BB-2*lnRN^ has been descril^d in^tWQ recent 

• abstracts.^l^ 

Overproduction of c-erfoB-2 mRNA can be meastu-ed by in situ hybridiza- 
tion. Sections are mounted on glass slides, treated with protease, hybridized 
with a radiolabeled probe, washed, treated with nuclease to remove unbound 
^ ' probe, and developed for autoradiography. Silver grains are seen only over 

\ i tumor cells that overproduce c-crbB-2 mRNA. Negative control probes are 

used. Our experience indicates that these techniques are relatively insensi- 

tive for detecting c-6rfcB-2 mRNA overproduction in routinely processed tis-. | 

£ |: sue. Although the sensitivity may be increased by modifications that allow | 

i . simultaneotis detection of ^erbB-2 DNA and mRNA, in situ hybridization still | 

ij is cumbersome and expensive (unpublished data). | j 

All of the above c-erfoB-2 mRNA detection techniques have several prob- | 

lems dial make them more difficult to perform than techniques for detecting | '"^ 

DNA amplification. One major problem Is the rapid degradation of RNA in | 

> tissue that is not immediately frozen or fixed. In addition, during the detection | H 

' procedure, RNA can be degraded by RNase; a ubiquitous enzyme, which must i ] 

be eliminated meticulously from laboratory solutions. Third, control probes to 'J j 

» r genes that are uniformly expressed In the tissue of interest need to be carefully i| j 

•V? ■ sdfected. ^-^ . • .-^ ^ ' --iT.-. 1 1 

• * .' -V : 
:* • ' ■ i:: J 

• ^» ! * -\ • 

Detection of c-erf)B-2 Protein Overproduction i 

. V : The most accurate methods for detecting c-^rfiB-l protein overproduction are | { 

; < : the Western blot method and immunoprecipitation. Both techniques can docu- | j 

j ment the binding specificity of various antibodies against c-erbB*2 protein. In 1 1 

A: '. Western blot studies, protein is extracted from the tissue, separated by electro- «5 ' 

; ' phoresis (according to size), transferred to a membrane, and detected by using an- | ' 

I \ tibodies to c-er&B-2. In Immunoprecipitation studies, antibodies against c-er&B- t \ 

; : j 2 are added to a tumor lysate, and the resulting protein-antibody precipitate is | ' 

. I ' separated by gel electrophoresis and stained for protein. Both Western blot and | ; 

1 • * immunoprecipitation are useful research tools but currently are not practical for 

iyi diagnostic pathology. TWo recent abstracts have described an enzyme-linked 

r i i immunosorbent assay (ELISA) for detection of c-6rfcB-2 protein. 
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Overproduction of oerbB-2 protein is most commonly assessed by various 
Immunohistochemical t^hniques. These procedures often generate conflicting 
results, which are explained at least partially by three factors. First, various 
studies have used- diflFerent polyclonal and monoclonal antibodies. Because 
some polyclonal antibodies recognize weak bands in addition to the c-erbB-2 
protein band on Westcni blot or immunoprecipitation, the results of these 
studies should be interpreted vdth cautlon.*^^*^'^ Even some monoclonal anti- 
bodies imraunoprecipitate protein bands in addition to c-erfcB-2 (plSS).™-® * 
Second, tissue fixation contributes to variability between studies. For example, 
some antibodies detect c-erfeB-2 protein only in frozen tissue and do not react 
in fixed tissue. In general, formalin fixation diminishes the sensitivity of 
Immunohistochemical methods and decreases Jthe nwmbgy^^ cells." ®* 

Wh^n JteM^ be a higher ^p^icenta^e of positive 

cases«>< Third, minimal criteria for interpreting Immunohistochemical staining 
are generally lacking- Although there is general agreement that distinct crisp 
cytoplasmic membrane staining is diagnostic for c-«r6B-2 activation in breast 
carcinoma, the number of positive cells and the staining intensity required to 
diagnose c*erfcB-2 protein overproduction varies from study to study and from 
antibody to antibody. Degradation of c-erfeB-2 protein is not a problem because 
it can be detected in intact form more than 24 hours after tumor resection 
without fixation or freezing.^ 



ACTIVATION OF c-erl)B-2 IN BREAST LESIONS 
Incidence of o*er&B-2 Activation 

Most studies of c-crbB-2 oncogene activation do not specify histological sub- 
types of infiltrating breast carcinoma. Amplification of c-er6B-2 DNA was fotmd 
in 19.1 percent (519 of 2715) of Invasive carcinomas in 25 studies (Ikble 1), and 
c-€r6B-2 mRNA or protein overproduction was detected in 20.9 percent (566 of 
^g%U) of Invasive carcinomas in 20 studies. Twelve studies have^documented c- 
eriiB-2 mRNA or protein overproduction in 15 percent {68 of 604) of carcinomas 
that lacked c-erbB-2 DNA amplification. 

The incidence of c-erfrB^2 activation fai infiltrating breast carcinoma varies 
with the histological subtype. Approximately 22 percent (142 of 650) of infiltrat- 
ing ductal carcinomas have c-erfcB-2 activation, as eiqpected from the above 
data. Other variants of breast carcinoma with frequent c-6rfcB-2 activation are 
inflammatory carcinoma (62 percent, 54 of 87), Paget's disease (82 percent, 9 of 
11), and medullary carcinoma (22 percent, 5 of 23). In contrast, c-erfeB-2 activa- 
tion is infrequent in infiltrating lobular carcinoma (7 percent, S of 73) and 
tubular carcinoma (7 percent, 1 of 15). 

The c-erbB-2 protein overproduction is present In 44 percent (44 of 100) of 
ductal carcinomas in situ and especially comedocardnoma in situ (68 percent, 
49 of 72). The micropapillary type of ductal carcinoma in situ also tends to have 
c-erfcB-2 activation/** " *® especially if larger cells are present. The greater fre- 
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quency of c-erfeB-2 protein overproduction in comedocarcinoma in situ, com- 
pared with infiltrating ductal carcinoina, could be explained by the &ct that 
many infiltrating ductal carcinomas arise from other types of intraductal carci- 
noma, which show c-er6B-2 activation infrequendy. Others have speculated 
that carcinoma in sitii with c-ertB-2 activation tends to regress or to lose c- 
crbB-2 activation during progression to invasion.*'*^"'** Infiltrating and in situ 
components of ductal carcinoma, however, usually are similar with respect to c- 
erbB-2 activation,***^ although some authors have noted more heterogeneity of 
the immimohistochemical staining pattern in invasive than in in situ carci- 
noma, Activation of.c-eriB-2 is infrequent in lobular carcinoma in situ. If 
lesions contain more than one histological pattern of carcinoma in situ, the c- 
erfcB-2 protein overproduction tends to occur in theTComedocarcinoma in situ 
but may indttl^ldther areas of carcinomaSn sttui**'^® Overproduction of c- 
-er&B-2 protein in ductal carcinoma in situ correlates with laiger cell size and a 
periductal lymphoid infiltrate.^* 

Activation of c-erbB-2 has not been identified in benign breast lesions, 
including fibrocystic disease, fibroadenomas, and radial scars (Table 2). Strong 
membrane immunohistochemical reactivity for o-crfeB-2 has not been described 
in atypical ductal hyperplasia, although weak accentuation of membrane staining 
has been noted inifrequently.sS'^s* In normal breast tissue, c-erfeB-2 DNA is 
diploid, and c-er6B-2 is expressed at lower levels than in activated tumors.^-^® ® 

These preliminary data suggest that c-er&B-2 activation may not be useful 
fi>r resolving many of the common problems in diagnostic surgical pathology. For 
example, c-erbB-2 activation is infi^equent in tubular carcinoma and radial scars. 
In addition, because c-erbB-2 activation is unusual in atypical ductal hyperplasia, 
cribriform carcinoma in situ, and papillary carcinoma in situ, detection of c-€r&B- 
2 activation in these lesions may not be helpful in their differential diagnosis. The 
histological features of comedocarcinoma in situ, which commonly overproduces 
c-erfeB-2, are unlikely to be mistaken for those of benign lesions. Activation of 





&«rbB*2DNA 


c^f6B-2niRNA 


Protein 


Histological Diagnosis 


AmpllflCBtion' 


Oveiprodueflon 


Overproduction 


Fibrocystic disease 


0/10" 




0/32 » 0/9 womw 


Atypical ductal hyperplasia 






2(weak)y21 ,« 
1(Gytopiasmio)/133> 


Benign ductal hyperplasia 






om^ 


Sclerosing adenosis 






0/4» 


Fibroadenomas 


0/16,«*0/6« 




0/21 wo/10 « 
0/8,W0/3« 


Radial scars 






0122^ 


Blunt duct adenosis 






0/1438 


"Breast mastosis" 




0/335 





*Shown as number ot cases with activalion/numtier of cases studied; relerence Is given as a superacrlpt 
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however, does favor infiltrating ductal carcinoma over infiltrating 
lobukr-carcinoma. Further studies of these issues would be useful* 

Correlation of c-erbB-2 Activation With Pathologic Prognostic Factors 

Multiple studies have attempted to correlate c-er27fi-2 activation with various 
pathologic prognostic factors (Table 3). Activation of .c-6rbB-2 was correlated 
with lymph node metastasis in 8 of 28 series, with higher histological grade in 6 
of 17 series, and with higher stage in 4 of 14 series. Large tumor size was not 
associated with c-er&B-2 activation in most studies (11 of 14). Tetraploid DNA 
content and low proliferation, measured by Ki«67, have been suggested as 
prognostic fectors and may correlate with activation.^-^ 

CorreflHIdn of c-erAB-a Activation With Clinical Prognostic Factors 

Various studies have attempted also to correlate oerhb-Z activation with clinical 
features that may predict a poor outcome (Table 4). Activation of c-crbB-2 
correlated with absence of estrogen receptors in 10 of 28 series and with ab* 
sence of progesterone receptors, in 6 of 18 series. In most studies, patient age 
did not correlate with c-erbB-2 activation, and, in the rest of the reports, c- 
6rbB'2 activation was associated with either younger or older ages. 

Correlation of c-erbB«2 Activation With Patient Outcome 

Slamon et al"^*^^ first showed that amplification of the c^r&B-2 oncogene inde* 
pendently predicts decreased survi>^ of patients with breast carcinoma. The 
correlation of c-crbB-2 amplification with poor outcome was nearly as strong as 
the correlation of number of involved lymph nodes with poor outcome. Slamon 
et al also reported that o-erhh-l amplification is an important prognostic indica- 
tor only in patients with lymph node metastasis.''®*** 

A large number of subsequent studies also attempted to correlate c-erfcB-2 
activation with prognosis CTable 5). In 12 series, there was a correlation be- 
tween c-er&B-2 activation and tumor recurrence or decreased survival. In five 
of these series, the predictiver^alue of c-ef:i>B-2 activation was reported to be 
independent of other prognbstic iScGSfs: In contrast, 18 series did not confirm 
the correlation of c-6r6B-2 activation with recurrence or stuvlval. Four possible 
explanations for this controversy are discussed below. 

One problem is that c-erlrB-2 amplification correlates with prognosis 
mainly in patients with lymph node metastasis. As summarized in Table 5, most 
studies of patients with axillary lymph node metastasis showed a correlation of 
G-eriB-2 activation with poor outcome. In contrast, most studies of patients 
without axillary metastasis have not demonstrated a correlation with patient 
outcome. Table 6 summarizes the studies in which all patients (with and with- 
out axillary metastasis) were considered as one group. There is a trend for 
studies with a higher percentage of metastatic cases to show an association 
between c-'erliB-2 activation and poor outcome. Thus, most of the current 
evidence suggests that c-er&B-2 activation has prognostic value only in patients 
with metastasis to lymph nodes. 
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TABLE 5, CORRELATION OF e^rbB^Z ACTIVATION WTTH OUTCOME IN PATIENTS 
WITH BREAST CARCINOMA 



Number of Patterns 



Type of MetastBsfi^ (o 





G-er6B-2 

A riff Kinil n .ih 


Total 


Mllary No 
lifmph Nodes Metastasis 


Statistical 
Analysis^ 


Reference 


<0.05 


ONA 


176 




M 


87 


<0.05 


DNA 


61 




U 


60 


<0.05 


DNA 


57 




U 


65 


<0.05 


DNA 


41 




U 


93 


<0,05 


mRNA^ - 


62 - 






65 


<0.05 - 


Protein 


102 




M 


101 


<0.05 


ONA 




345 


M 


81 


<0.05 


DNA 




120 


U 


17 


<0.05 


DNA 




91 


U 


87 


<0.05 


ONA 




86 


M 


79 


<0.05 


Protein- WB 




350 


M 


85 


<0.05 


Protein 




62 44 


U 


101 


0.05-0.15 


DNA 


57 




U 


111 


U.OO— 0, lO 


Protein 


189 




M 


92 


0.05-0.15 


Protein 




120 


U 


66 


>0.15. 


DNA 


130 




U 


113 


>0.15 


DNA 


122 




M 


4 


>0.16 


DNA 


50 




U 


44 


>0,16 


mRNA 


67 




U 


50 


>0.15 


Protein 


290 




M 


86 


>ai5 


Protein 


195 




U 


11 


>0.15 


Protein 


102 




u 


38 


>0.15 


Protein 




137 


u 


17 


>0.15 - 


DNA 




^ - 181 


fA 


31 


>0.15 


DNA • 




159 


' u 


17 


>0.15 


DNA 




73 


u 


87 


>0.15 


Proteln-WB 




378 


u 


85 


>0.1S 


Proteln-WB 




192 


u 


17 


>0,16 


Protein 




141 


u 


86 


>0.15 


Protein 




41 


u 


40 



J 



The QRctpolnls of these studies were tumor recurrence or deceased survival or bO[h. Correlation between o- 
eitB-Z activation and a poorer patient outcorne Is statistically signiftcant at <c.OS, ts of equivocal slgniflcano^ 
at O.OS to 0.16, and is not significant at >0.16. 

^Shown as variable measured, t^era indicatB assay by Western blot; the other protein studies used 
immunohlstochemlcal methods. 

» muHivariate statistical analysis: U » unlvBrfale statistical analyais. 
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TABLE 6. PERCEWTAGE OF BREAST CARCINOMAS WTTH METASTASIS COMPARED 
Wrm PROGNOSTIC SIGNIFICANCE OF G^B-2 ACTIVATION 



% of tumors with 
lymph node 
metastasis In 
each study 



70. 



60- 



60- 



40- 



71 (DNA)« 



61 (DNA)» 

59 (DNA)e' 
56(Prot8ln)V 



64(DNA) 



,111 



42(Proteln)w 



+ 



P<0.0S 



+ 



ao5<p<ai5 



64(mRNA)» 
61(DNA)^ 



68 (DNA)^. 
57 (DNA)«? 
5S(Protelh)» 

48(Proleln)" 
46(Proteln)«B 



H 

p>o:i6 



P tor correlation of c-er£}B-2 aotlvaOon with iiatient ouloome. 

Each 8tud/8 percentage of breast caroinonias «nth metastasis ia csompaned wHh the conBlaliDn betMoen o- 
ert)B^ activation and outcome. These data Indude only those studies that oonsMec^, as one grot^, all breast 
cancer patients, whether or not they had axfttaiy nietastasls. Supetscrtpts are M 
are the types of &erbB-2 activation. P values are Interpreted as In Table 3. 



A second problem is that various types of breast carcinoma are grouped 
together in many survival studies. Because the current literature suggests that 
c-€rbB-2 activation is infrequent in lobular carcinoma, studies that combine 
infiltrating ductal and lobidar carcinomas, may dilute the prognostioseffect of o- - 
erfeB-2 i activation 4ri ductal tumors. In addition, most studies do not analyze 
inflammatory breast carcinoma separately. This condition frequently shows c- 
erbB'2 activation and has a worse prognosis than the usual mammary carci- 
noma, but it is an uncommon lesion. 

A third potential problem is the paucity of studies that attempt to correlate 
c*crbB-2 activation with cUnical outcome in subsets of breast carcinoma widiout 
metastasis. TWo recent abstracts reported that in patients without lymph node 
metastasis who had various risk factors for recurrence (such as large tumor size 
and absence of estrogen receptors), c-er6B-2 overexpression predicted early 
recurrence. ^'^^ In patients with ductal carcinoma in situ, one small study found 
no association between tumor recunence and c-€r6B-2 activation.^" 

A fourth problem is the lack of data regarding whether the prognosis 
correlates better with c-criB-2 DNA amplification or with mRNA or protein 
overproduction. Most studies that find a correlation between c-«rfcB-2 activa- 
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tion and poor patient outcome measure c-^riB-2 DNA amplification CTable 5), 
and breast carcinoma patients with greater amplification of c-«r2^B-2 may have 
poorer survival. "^ ^^ Recent studies suggest that amplification has more prognos- 
tic power than overproduction, " ^^.^ but the clinical sig^iiflcance of oerbB-2 
overproduction without DNA amplification deserves further research."® Few 
studies have attempted to correlate patient outcome with c-erfcB-2 mRNA 
overproduction, and many studies of c-er&B-2 protein overproduction use rela- 
tively less reliable methods such as immunohistochemical studies with poly- 
clonal antibodies. 

Comparison Of c-er6B-2 Activation WKh Other Oncogenes In 
Breast Carcinoma. ^ . 

Other oncogenes that may- have prognostic implicatioiis in homan breastcancer 
are reviewed cl$cwhereJi.io» This section wiD be restricted to a comparison 
between the clinical relevance of c-cr6B-2 and these other oncogenes. 

The c-myc gene is often activated in breast carcinomas, but c-myc activa- 
tion generally has less prognostic importance than c-erfcB-2 activation, "i-^'^'*^'® 
One study found a correlation between increased mRNAs of c-erfcB-2 and c- 
myc, althougli other reports have not confirmed this,*» i« Subsequent research, 
however, could demonstrate a subset of breast carcinomas in which c*myc has 
more prognostic importance than oethB-Z, 

The gene c-er6B-l for the epidermal growdi fector receptor (EGFR) is 
homologous with c-^rbB-2 but is infrequently amplified in breast carcinomas. 
Overproduction of EGFR, however, occurs more firequendy than amplification 
and may correlate with a poor prognosis. In studies that have examined both c- 
erfeB-2 and EGFR in the same tumor, c-^r&B-2 has a stronger correlation with 
poor prognostic fectors.^ sa Studies have tended to show no correlation between 
amplification of c-er&B-2 and c^erbB-l or overproduction oto-^thB-Z and EGFR, 
although at the molecular level EGFR mediates phosphorylation of o^r6B-2 
protein.*» »wi,88,ic» Recent reviews describe EGFR in breast caidnoriQa,*^^*® 

TTie genes c-erfcA andr£^r-l are homologous to the thyroid.honaone'recep- - 
tor, and they are located adjacent to c-erfcB-2 on chromosome 17. These genes 
are frequently coamplified with c-erfrB-2 in breast carctnomas. The absence of 
c-erfcA expression in breast carcinomas, however, is evidence against an impor- 
tant role (or this gene in breast neoplasia.** Amplification of c-crfoB-2 can occur 
without ear-l amplification, and these tumors have a decreased siuvival that is 
similar to tumors with both c-er6B-2 and ear-l amplification." Consequendy, 
c-crfcB-2 amplification seems to be more important than ampUfication of c^riEiA 
or ear-l. 

Other genes also have been compared with c-0fT&B-2 activation in breast 
carcinomas. One study found a significant correlation between increased c-erbB- 
2 mRNA and increased mRNAs offos, platelet-derived growth factor chain A, 
and Kl-ras^^ Allelic deletion of c-Ha-r<u- may indicate a poorer prognosis in 
breast carcinoma, but it has not been compared with c-er6B-2 activation. Some 
studies have suggested a correlation between advanced stage or recurrence of 
breast carcinoma and activation of any one of several oncogenes. 
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ACTIVATION OF c-erbB-2 IN NON-MAMMARY TISSUES i 

incidence of c-erbB-2 Activation In Non-Mammary Tissues I 

table 7 summarizes the normal tissues in which oerbB-i expression has been 
detected, usually with immunohistochemical methods using polyclonal anti- 



TABtE 7. PRESENCE OR ABSENCE OF mRNA OR »«rbB*2 PROTEIN IN 

NORMAL HUMAN TISSUES 



Tissues With 






o-erbB«2 


Tissues Producing Tissues laeidng 


Tissues Lacking 






cpefvosc froiein 




tpldegnls" 4^- 






External root sheath" 






Ecorlne sweat gland^ 






Fetal oral inuoo8a"> 


Postnatal oral mucosa"* 




Fetal esophagus^ 


Postnatal esophagus^ 


Stomach^ 


Stomachal 
Fetal Intestine*** 




Jejunum'^ 


Small Intestine*^® 




OoIon« 


Colonwi 




Kidneys 


Fetal kldney«* Kidneys'^ 


Qlomewlus^ 

Postnatal Bowman's capsule^ 




Fetal proximal tutuile"2 


Postnatal proximal tut>ule«* 




Distal tubule^ 






Fetal collecting duct^ 


Postnatal collecting duct^ 




Fetal renal peMsB^ 


Postnatal renal pelvis^ 




Fetal utBier^ 


Postnatal fetal ureter** 


UverM 


Hepiaitoq/tes>3 
Pancreatic acini» 
Pancreatic ducts*"* 


Llver«« 




Endocrine cetts of Islets 


Pancreatic islets** 




of l.angertians» 






^.^iSVtrachea®... ^7 ^ ^ ' 


P^^il^Nracheac* 




Fetal bronchioles^ 
Bronchioies*" 


PoSnatal bronchioles*^ 
Postnatal alveoli**^** 


Fetal brain» 




Postnatal brain** 




Felai ganglion cells^ 


Postnatal ganglion cells** 


Thyroid* 






Uterusw 


Ovaiy« 






Bloodvessels^ 


Endothelium** 



Placenta** 

Adrenooortioal cells** 
Postnatal thymus** 
Fttirobtasts** 
Smooth muscle cells** . 
Can£ao muscle celled 



^Is protein study used Western blots; the rest used Immunohlstochemlcai methods. 
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bodies. Only a few studies have been performed, and some of these do not 
demonstrate convincing ceU membrane reactivity in the published photo* 
graphs. The interpretations in these studies, however, are listed, with the 
caveat that these findings should be confirmed by immunoprecipitation or 
Western or RNA blots. Production of c-er&B-2 has been identified in normal 
epithelium of the gastrointestinal tract and sldn. Discrepancies regarding c- 
erbB-2 protein in other tissues could be due, at least in part, to differences in 
techniques. 

The data on c-erbB-2 activation in various non^maounary neoplasms 
should be interpreted with caution, because only small numbers of tumors have 
been studied, usually by immunohistochemical methods using polyclonal anti- 
bodies. Studies tising cell l ines have been excluded, because cell culture can 
incLuce amplication and overexpression of other genes,^aIthQugh 4is has not 
been documented for c-^riB-2. ^ 

Activation of c-erbB-2 has been identified in 32 percent (64 erf 203) of 
ovarian carcinomas in eight studies (Tkble 8). One abstract^ stated tfiat ovarian 
carcinomas contained significantly more c-erfcB«2 protein than ovarian non- 
epithelial malignancies. Another report^* showed that 12 percent of ovarian 
carcinomas had c-er6B-2 overproduction without amplification. 

Activation of c-crfcB-2 has been identified in 20 percent {40 of 198) of 
gastric adenocarcinomas in seven studies, including 33 percent (21 of 64) of 



TABLE 8. c-«rbB-2 ACTIVATION IN HUMAN GYNECOLOGIC TUMORS' 









c-efibB-2 






mRNA 


Protein 




0^fl»B-2DNA 


Over- 


Over* 


Tumor Type 


Amplification 


production 


pRMfudlon 


Ovary— carcinoma, not otherwise 


31/120 w 1/11,57 


2a/67«i 


23/73,1* 


epedfied 


0/5.^07 0/5^0/3,11* 




36/7201 




0/2»0/r« 






Owwy^erqus^^^^ ' 
dvary—efidorifietirfoid cafd^ 


2/7,110 1/7,"^0/6» 






0/3110 






Ovary— mucinous carcinoma 


1/2,110 o/ira 






Ovary— clear cell carcinoma 


0/2,i«0/1'« 






Ovary— mixed epithelial carcinoma 








Ovary— ©ndometrlold bordertlne tumor 


0/1^ 






Ovary— mucinous borderline tumor 


0/3^8 






Ovary— serous cystadenoma 


0^478 






Ovary— mucinous cystadenoma 


0/2^ 






Ovary — sclerosing stromal tumor 


0/1^2 






Ovary— flbrothecoma 


0/1« 






Uterus — endometrial adenocarcinoma 


0/4 « 0/1110 







*Shown as number 0I cases with amplification (or overproducllonVtotal number of cases studied; reference is 
gfvsn as superaorlpt All protein studies used Imfnunohlstochemlcal methods. 
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intestinal or tubular subtypes and 9 percent (4 of 47) of diflFuse or signet ring cell 
subtypes (Table 9). Activation of o-er*B-2 has been detected in 2 percent (6 of 
281) of colorectal carcinomas, although an additional immunohistochemical 
study detected c-er&B-2 protein in seven of eight tissues fixed in Bouin s solu- 
tion. One study found greater immunohistochemical reactivity for o-cffcB-2 
protein in colonic adenomatous polyps than in the adjacent normal epithelium, 
using Bouin s fixative. Lesions with anaplastic features and progression to inva- 
sive carcinoma tended to show decreased immunohistochemical reactivity for c- 
erfeB-2 protein-^a Hepatocellular carcinomas (12 of 14 cases) and cholangiocaici- 
nomas (46 of 63 cases) reacted with antibodies against c-crfcB-2 in one study, but 
some of these "positive" cases showed only diffuse cytoplasmic staining, which 



TABLE 9, c^irfcM ACTiVATiON IN HUMAN QASTROIMTESTir^^fUMOHS' 

o«JtiB-2 
Protein 



Tumor Type 


c-ert^2Di^ 
Amplification 


Over- 
production 


Esophagus— squamous oetl carcinoma 


0/1 lor 


0/181 


Stomach— carcinoma, poorly dlfferentJated 


0/22«fl« 




Stomacf>— adenocarcinoma 




4/27 » 3/1 0«< 








Stomach— carcinoma, intestinal or tubular type 


5/1 0^« 


16/64» 


Stomach— carcinoma, diffuse or signet ring cell type 


0/2^w 


4/45» 


Colorectum— carcinoma 


2^49 « 1/45,"' 


1/22,"7/B22» 




1/46,«^1/45« 






0/40."0/32,^o'0/3« 




Colon— villous adenoma 


0/160 




Colon— tubulovlllous adenonna 


0/5P» 




Colon— tubular kdenoma 


0/7W 


19/1 gm 


Colon— hyperplBsBc polyp 


0/160 




Intestine— leiomyosarcoma"* ^ ' ^'^ 




0/1« 


fie^p^ooellular carcinoma 


0/12111 


12/14 »0/2«« 


Hepatoblastoma 


0/1s» 




Cholanglocardnoma 




46/GdBB 


Pancreas— adenocarcinoma 




2/B0.<i«0/2«< 


Pancreas — acinar carcinoma 




OfV 


Pancreas— dear cell carcinoma 




0/2«^ 


Pancreas— large cell carcinoma 




0/341 


Pancreas— signet ring carcinoma 




0/1^1 


Pancreas— chronic Inflammation 




0/14^^p 



■Shown as number of cases wllh amplification (or overpfoductton)/lotal number pf cases studied; rofeience Is 
given as superscript. All protein studies used Immunohistochemical methods. No studies analyzed for o-e/tB- 
2mRNA. 

tissues fixed in Bouln's solution. 

«Only eases witri distinct membrane staining are Interpreted as showino overpfOdueUon. 
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TABLE 10, i>ertiB>2 ACTIVATION IN HUMAN PULMONARY TUMORS^ 







O^B-2 


Tumor Typo 


c<fdB-2DNA 


Protein 


Ampllfieation 


Overproduction 


Non-small cell carcinoma 


2/e0,w 0/608^ 


1/84« 


Epidemiold carclrwma 


0/13 « 0/10 wo/6» 




Aderiocarcinoma 


0/21 « 1/13 » 0/7."^ 0/7 » 0/3'w 


4/12« 


Urge celt carcinoma 


0/9«0/6» 




Small cad carcinoma 




0/26 nQA3^ 


Carcinoid tumor 


0/1 K 


0/3» 



•Shown as number of oases wltt^^^ (or overproducdonVtotaf nuitte ol ceses etucHed: reference 1$ 
^ven.as eupefecttpt AH protein studies used hnmunohlsloehemlGa) methods. Hb studies anatyzad tor owbB- 



does not indicate c-erfeB-2 activation in breast neoplasms.* Also, some pancre- 
atic carcinomas and chronic pancreatitis tissue had cytoplasmic immunohisto- 
chemical reactivity for c-erfcB-2 protein, in addition to the rare case of pancre- 
atic adenocarcinoma with distinct cell n:iembrane staining.^^ 

Tables 10 through 14 summarize the studies of c-crfoB-2 activation in other 
neoplasms. The c-er2»B-2 oncogene is not activated in most of these tumors! 
Activation of c-crfeB-Z has been detected in 1 percent (4 of 299) of pubnonary 
non-small cell carcinomas in nine studies, alAough one additional report*® 
found c-er&B-2 protein overproduction in 41 percent (7 of 17). Renal cell carci- 
noma had c-erfeB-2 activation in 7 percent (2 of 30) in four studies. Overproduc- 
tion of c-erfcB-2 protein was described in one transitional cell carcinoma of the 
urinary bladder, a grade 2 papillary lesion.B^ Squamous cell carcinoma and basal 
cell carcinoma of the skin may contain c^rbB-2 protein, but It is not dear 



TABLE 11. e^B-a ACTIVATION IN HUMAN HEMATOLOGIC PROUFERATIONS* 



Tumor Type 


MTlMM DNA " 
Amplifleatfon 


©-ertoB-2 
mRNA . 
Ove^ 
prtiduetlon 


MfdB*2 
Protein 
Over* 
produeUon 


Hematologic malignancies 


0/23^^' 






Malignant lymphoma 


0/9.6^0/3^07 


Q/V 


0/1 5« 


Acute leukemia 








Acute lymphoblastic leukemia 


0/1 iw 






Acute myeloblastic leukemia 








Chronic leukemia 


0/1057 






Chronic lymphocytic leukemia 


0/8W. 






Chronic myetogenoue leukemia 








Myeloproliferative disorder 


0/lfiT 







■Shown as mimbsr of oases with ampllflcatton (or overproductlon)/lotal number ol oases studied: leferenoe Is 
given as superscript. All protein studies used tmrnunohtetochemlcal methods. 
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TABUEia, c-^B-aACnVATiONtN HUMAN TUMORS OF SOFT TISSUE AKIO BONE" 





c-erbB-2 DNA 


Tumor Type 


Amptification 


Sarcoma 


0/10,'i< 0/8« 


Malignant fibrous histiocytoma 


0/1 w 


Uposarcoma 


0/3107 


Pleomorphic aarcsoma 


0/1107 


Rhabdomyosarooma 


0/1 tor 


Odteogenio sarcoma 


0/2.««7 0/2S7 


Chondrosarcoma 


0/1107 


Ewing's sarcoma 


Q/IS' 


Schwannoma 


0/157 c 



•Shown as number of cases with amplification (or overptodudlony/lotal numbar of cases suidted; refemoe is 
given as superscript No studies anatyzad (or o^fbB-2 mRNA or protein. 



whether the protein level is increased over that of normal sldn.» Thyroid 
carcinomas and adenomas can have low levels of increased c-erfeB-2 mRNA. 
• abstract, described low-level c-erfeB-2 DNA amplification in one of ten 

salivary gland pleomorphic adenomas.^ 

Correlation of c-erl)B-2 Activation With Patient Outcome 

Very few studies have attempted to correlate c-erbB-2 activation in non- 
mammary tumors with outcome. Slamon et al«» showed that c-er6B-2 amplifica- 
tion or overexpression in ovarian carcinomas correlates with decreased survival^ 
especially when marked activation is present. However, Aey did not r^rt the 
stage, histological grade, or histological subtype of these neoplasms. Another 
study of stages III and IV ovarian carcinomas found a correlation between 
decreased survival and c-erfcB-2 protein overproduction, but not between sur- 
vival and histological grade. " One abstract stated that c-eriB-2 protein overpro- 
^ ductlon in 10 of 16 pulmonary adenocarcinomas correlated nvith dea-eased 

< disease-free interval.'^ Another abstract descrflbed a tendency for imrounohisto- 



TABLE 13. C-erbB-2 ACTIVATiON IN HUMAN TUMORS OF THE URINARY TRACT* 



Tumor Type 


o«rbB«2 ONA 
Ampllficaflon 


o^bB-2 
mRNA 
Over^ 
production 


c^bB-2 
Protein . 
Over^ 
production 


Kidney— renal celt carcinoma 


I/Sis' 1/4, wo/SM 


0/16W 




Wilms' tumor 








Prostate— adenocarcinoma 






0/2358 


Urinary bladder— carcinoma 






1/46» 



■Shown as number of cases with ampllf icalign (or ovorproduotlon)/total number of cases studied; reference Is 
given as superscript. All protein studies used Immunohistochemical methods. . 
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TABLE 14. c-e/bB-a ACTIVATION IN MISCELUNEOUS HUMAN TUMORS' 

















Protein 


iiiiTior lypo • 


DNA 


c-erfrB-2 mRNA 


Over- 


Amplification 


Overproduction 


production 


Skin— malignant melanoma 


— 


— 


0/10* . 


SKm, neacf and neck — squamous 






call carcinoma 








Site not statod— squamous cell 








carcinoma 






Salivary gland— adenocarcinoma 








Parotid gland— edenokl cystic 






on" 


V "• : * carcinoma * 






'ThyroW--anaplastic carcinoma 


0/1« 


n&/ii " 




ThyroW— papillary carcinoma 


0/5« 


3(tow levels)/5i 




Thyroid— Adenocarcinoma 








Thyroid— adenoma 


0/21 


1(kiwlevel8)/2i 




Neuroblastoma 


0/35 «Q/9.«^ 0/1 w 






Meningioma 









■Shown as number or cases wflh amplincaUon (oroverproductionyiotal ruimber of cases studied: reference is 
given as supafBortpt All protein studies used immunohlstochemioal meltwids. 



cKemical reacUvity fiw c-er&B-2 protein to correlate with higher grades of pros- 
tatic adenocarcinoma.*" Additional prognostic studies of ovarian carcinomas aild 
other neoplasms are needed. 



SUMMARY 

Activation of the c-erbB-2 oncogene can occur by amplification of c-crfcB-2 
*J3NA and by overproduction of c-erl>B-2'ffi[rm\: and^b^B.2i)n>tein. Approid- 
mately 20 percent of breast carcinomas^ow evidence of c-er&B-2 activation, 
which correlates with a poor prognosis primarily in patients with metastasis to 
ajdllary lymph nodes. Studies that have attempted to correlate c-^r&B-2 activa- 
tion with other prognostic factors in breast carcinoma have reported cmflicting 
conclusions. Hie pathologic and clinical significance of c-eriB-2 activation in 
otfier neoplasms is unclear and should be assessed by additional studies. 
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DECLARATION OF PAUL POLAXIS, Ph.D. 
I, Paul Polakis, Ph,D., declare and say as follows: / 

1. I was awarded a Ph.D. by the Department of Biochemistry of the Michigan 
State University in 1984. My scientific Curriculum Vitae is attached to and forms 
part of this Declaration (Exhibit A). 

2. I am currently employed by Genentech, Inc. where my job title is Staff 
Scientist. S ince joining Genentech in 1999, one of my primary responsibilities has 
been leadmg Genentech's Tumor Antigen Project, which is a large research project 
with a primaiy fociis on identifying tumor cell markers that find use as targets for 
botfi the diagnosis and treatment of cancer in humans. 

.3. As pail of the Tumor Antigen Project, my laboratory has been analyzing 
differential expression of various genes in tumor cells relative to normal cells 
The purpose of this research is to identify proteins, that are abundantly expressed 
on certain tumor cells arid that are either (i) not expressed, or (ii) expressed at 
lower levels, on corresponding normal cells. We call such differentially expressed 
proteins "tumor antigen proteins", When such a tumor antigen protein is 
identified, one can produce an antibody that recognizes and binds to that protein. 
Such an antibody finds use in the diagnosis of human cancer and rhay ultimately 
serve as an effective therapeutic in the treatrhent of human cancer. 

4. In the course of the research conducted by Genentech's Tumor Antigen 
Project, we have employed a variety of scientific techniques for detecting and 
studying differential gene expression in human tumor cells relative to normal cells, 
at geriomic DNA, mRNA and protein levels. An important example of one such 
technique is the well known and widely used technique of miciroamy analysis 
which^ proven to be extremely usefiil-fiir &e identification of mRNA molec^es 
that are differentially expressed in one tissue or cell type relative to another. In the 
course of our research using microarray analysis, we have identified 
^proximately 200 gene transcripts that are present in human tumor cells at 
significantly higher levels than in corriesponding normal human cells. To date, \ye 
have generated antibodies that bind to about 30 of the tumor antigewproteins ' 
expressed from these differentially expressed gene transcripts and have used these 
antibodies to quantitatively determine the level of production of these tumor 
antigen proteins in both human cancer cells and corresponding normal cells. We 
have then compared the levels of mRNA and protein in both the tumor and normal 
cells analyzed. 

5. From the mRNA and protpin expression analyses described in paragraph 4 
above, we have observed that there is a strong correlation between changes in the 
level of mRNA present in any particular cell type and the level of protein 



expressed from that mRNA in that cell type. In approximately 80% of our 
observations we have found that increases in the level of a particular mRNA 
correlates With changes in the level of protein expressed from that mRNA when 
human tumor cells are compared with their corresponding normal cells. 

6. Based upon my own experience accumulated in more than 20 years of 

research, including the data discussed in paragraphs 4 and 5 above and my 
knowledge of the relevant scientific literature, it is my considered scientific 
. opinion that for human genes, an increased level of liiRNA in a tumor cell relative 
to a normal cell typically correlates to a similar increase in abundance of the 
encoded protein in the tumor cell relative to the iionnal cell. In fact, it remains a 
central dogma in molecular biology that increased mRNA levels are predictive of , 
corresponding increased levels of the encoded protein. While there have been 
piiblished reports of genes for which sudi a <x>rfelatioh dioes not exis^ it is iny 
opinion that such reports are exceptions to the commonly understood geneiid rule 
that increased mRNA levels are predictive of corresponding increased levels of the 
encoded protein. 

7. I hereby declare that dl statements made herein of my o\vn knowledge are 
true and that all statements made on information or belief are believed to be true, 
arid fiirther that these statements were made with the knowledge that willfiil felse 
statements and the like so made are puiyishable by fine or imprisonment, or both, 
under Section 1001 of Title 18 of the United States Code and that such willful 
statements may jeopardize the validity of the application or any patent issued 
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Montegut, W., Rogy, M., Meschter, G., Gallati, H., Schiller, C, Richter, W., 
Loetcher, H., Ashkena:ei. A .. Chamow, S., Wurm, F., Calvano, S., Lowty, S,, and 
Lesslauer, W. Ihx)tection against lettial E. coli bacteremia in baboons by 
prettieatment with a 55^kDa ThH? receptor-Ig fusion proteii^ Ro45-2081. J. 
/mmw/jo/. 156, 2221-2230 (1996). / — 

39. Pitti, R., Marsters, S., Ruppert, S., Donahue, C, Moore, A., and Ashkenazi. A . 
Induction of apoptosis by Apo-2 Ligand, a new member of the tumor necrosis 
factor cytokine family / Biol Chem. 271, 12687-12690 (1996). 
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40. Marsteis. Pitti. R.. Donaliue. C. Ruoert S.. Bauer. K and Ashlrenai^ ^ A 
Activatipn of ^optosis by Apo-2 Ugarid is indep^d^nt of 
CtmA.Curr. Biol. 6, 1669-1616 (1996). 

41. Maistets, S., Skubatch, M., Gray, C, and Ashkenazi. A . Heipesvirus entiy 
mediator, a novel member of the tumor necrosis factor recq)tor family, activates 
the OT-kB and AP-1 transcription factors. 5zo/; C^ew. ^ 

(1997). 

42. Shfaidan, J.,Marsters, S.,Pitti,R.,Gumey, A, SkubatchiM.,^ 
Ramakrishnan, L., Gray, C, Baker, K;, Wood, W.I., GodcUird, A, Godowski, iP., and 
Ashkenazi. A. Control of TRAIL-induced apoptosis by a fatnily nifCTgnflling onA 
deooytrec(q)tors, 5(«em;e-2^7,.818-821 (-l-997)gi;r^ . , 

43. Marstera, S., Sheridan, Oitti, R., Gumey, A, Skubatch, M., Bidswin, D., Huang, A., 
. Yuan, L, Goddaid, A., Godowski, P., and AshkenazL A. A novel recq)tor for 

Apo2L/TRAIL contains a truncated death doinain, Curr. Biol. 7, 1003-1006 (1997). 

44. Marsteis. A, Sheridan. J.. Pitti, R. Brush, J.. Goddaird. A. and Ashkenazi. A. 
Identification of a ligand for t^^ 

8,525-528(1998). 

45. Rieger, J., Naumann, U., Glas^, T., Ashkenazi. A . and Weller, M.' Apo2 ligand: 
a novel vfeapon against malignant glibnia? FEBS Lett. 427, 124-128.(1998). 

46. Pmder, S., Fell, J.^ Chamow, S., Ashkenazi. A . and MacDonald, T. A p55 TNF 
receptor immunoadhesin prevents T cell mediated intestinal injury by inhibiting 

. matrixmetalloproteinaseproduction.7./mmMnoill^, 4098-4.103(1998). 

47. Eitti, R,, Marsters, S., Lawrence, D., Roy, Kischkel, R, M., Dowd, P., Huang, A, 
©onahue, C, Sh^0od, S^, Baldwin, D., <jodowskii4>., WocklrW:^^^ ' 
Hillan. K.. Cohen. R.. Goddard. A. Botstein. P.. and Ashkoiazi. A Genomic ^ 
amplification of a decoy receptor for Fas ligand in lung and colon cancer. Nature 
396,699-703(1998). 

48. Mori, S., Marakami-Mori, K., Nakamura, S., Ashkenazi. A ., and Bonavida, B. 
Sensitization of AIDS Kaposi's sarcoma cells to Apo-2 ligand-induced apoptosis 
by actinomycmD. /. /mwtt«<j/. 162, 5616-5623 (1999). 

49. Gumey, A. Marsters,S., Huang, A, Pitti,R., Mark, Mr, Baldwin, D., Gray, A, 
Dowd, P., Brush, J., Heldens, S;, Schow, P., Goddard, A., Wood, W., Baker, K., 

- Godowski, P., and Ashkenazi. A. Identification of a new member of the tumor 
necrosis fiictor family and its receptor, a human orthoiog of mouse GITR Curr. 
Sw/. 9, 215-218 (1999). 
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50. Ashkenazi. A .. Pai, R., Fong, s., Leung, S., Lawraioe, D., Marsters, S,, Blackie, 
C, Qiang, L., McMuitrey, A., Hebert, A., DeForge, L. , IQioumCTis, Li Lewis, D., 
HiaoTis, L., Bussiere, J., Koq)p(3i, H., Shahrol^ 

. anti-tumor activity of recombinant soluble ^o2 ligand y. C/i/i.^^^^^ 
162(1999). ' 

51. Chuntiiarapaij A., G%bs, V., Lu, J., Ow, A:, Marsters, S., Ashkenazi, A., De Vos, ^ 
A., Kim, K. J. Determimtion of residues involved in ligandbindmg and / 
transmissiion in the human BFN-a receptor 2. J. ImmunoL,163, 766-773 (1999). 

52. Jolmsen, A.-C., Haux, J., StjBiiilger, B., Nonstadi U.j Eg^ 

Ashkenazi. A., and Espievik. T. Repilation of Apo2L/TRATt. eypresisinn in 
o cells involvement iffi^>lKcell-mediatedeyt^ « 
(1999). 

53. Roth, W.,Isenniann,S.,Naumami,U.,Kugler,S.,Bahr,M.,bichg£ms, 
Ashkienazi. A.. and .Weller. M. Eradication of intracranial human malignant 
glioma xenografts by Apo2L/TRAIL. J?zoc/iem. fiopiK^^^^ 

483(1999). 

54. Hymowitz;S.G.,Christinger,HiW.,Fuh,G.,Ultsch,M.,0'ConnelliM.,^^^^ 
RJ.. Ashkenazi. A. and de Vos. A.M. Triggering Ciell beath: The Ciystal 
Structure of Apo2L/TRAIL in a Complex with Death Receptor 5. Molec. Cell 4, 
563-571 (1999). 

55. Hymowitz. S.G., O'CtonneU M.P.. Utsch. M.H.. Hurst. A., Totpal. K.. Ashkenazi. 
A„ de Vos, A.M., Kelley, R.F. A unique zinc-binding site teyealed by a hi^r 
resolution X-iaystnicture. of hom6trimeric A^o2L/TRAIL Biochemistry 39, 633- 
640^000). ' ^ » " -w.,.^ - — « . , ^ 

56. : Zhou, Q.,Fukushima, P.i DeGrafi^ W., Mitchell, JB., Stetier-Stevenson, M., 

Ashkenazi. A., and Steeg. P.S. Radiation and the Apo2L/TRATL apoptntin 
pathway preferentially inhibit tiie colonization of premalignant human breast 
cancer cells overexpiessing cyclin Dl. Ca/ieer/{es. 60, 2611-2615 (2000). ' 

57. Kischkel, F.C., Lawrence, D. A., Oiuntharapd, A., Schow, P., Kim, J.^ 
Ashkenazi. A. ^p2L/tRAIL-dependent recnutment of «idogehous FADD and 
Caspase-8 to death receptors 4 and 5. /mmuni'/v 12, 61 1-^0 (2000). 

58. Yan, M., Marsters, S A., Grewal, LS., Wang, H., * Ashkenazi. A., and *Dixit, 
V,M. Identification of a recq)tor for BlyS demonstrates a crucial role in humoral 
immunity. ^A/a/wre//wwMho/.l, 37-41 (2000). 
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Marsters, SA, Yan, M,, Pitti, R.M,, Haas, fM., Dbcit, V,M., and AshkanrtTi, A 
Interaction of the TNF homologues BLyS and APRIL willi liie TNF lec^tor 
homplogues BCMA and TACl Ciwr. Bio/. 10, ^ 

Kischkel, F.C., and Ashkenazi, A. Combining enhanced-metabolic labeling wi& 
immtinoblotting to detect interactions of endogenous cellular proteins. 
Bidteehniques 29, 506-5X2 (2000). 

Lawrence, D., Shahroldi, Z., Marsters, S., Achilles, K., Shih, D. Mounho, B., 
Hillani K., Totpal, K. DeForge, L., Schow, P., Hooliey, I., Sherwood, S., Pai, R., 
Leung, S., Khan, L., Gliniak, B,, Bussiere, J., Smith, C, Strom, S., Kdley, S;, 
Fox, J,, Thomas, p., and Ashkenazi. A: Differential hq>atocyte toxicity of 
^ recombinant Aix)2^/I11AIL V(raisions.^A/aj(ure.^M^ 383-385 (2001). 
Chunlharapai, A., Dodge, K., Giimma:, Schroeder, K., Martsiers, S. A, 
KoeDpoi. H., Ashkenazi. A . and Kim. k.J. Iso^e-dQ)endent inhibition of 
tumor growth in vivo by monoclonal antibodies to death recq)tor 4. J. Imnatnol. 
166,4891-4898(2001). 

Pollack. LF.: Erff. M.. and Ashkenayj, A Direct Stimulation of apoptotic 
signaling by soluble /4)o2L/tumor nieoosis fkctor-related apoptoisis-inducing 
Ugand leads to selective killing of glioma cells. Cliru Cancer Res. 7, 1362-1369 
(2001). 

Wang, H., Marsters, S.A., Baker, T., Chan, B,, Lee, W.P., Fu, L., Tumas, D , Yan, 
M., Dixit, V.M., * Ashkenazi. A ., and *Grewal, LS. TACI-ligahd interactions are 
required for.T cell activation, and collagen-induced artiuiitis in mice. Nature 
/mwKnoL 2, 632-637 (2001). 

Kisdike^ F.C., Lawrencej^^A., Tanel, A., Virmaxd, A.^6hew, P., Gazda^ A., - 
Blenis. J.. Amott D.. and Ashkenazi. A Death recq)tor recruitment of 
endogoious caspase-10 and apoptosis initiation in the absence of caspase-S. J. . 
fiw/. Otem. 276, 46639-46646 (2001). 

LeBlanc, H., Lawrence, DA., Varfolomeev, E„ Totpal, K., Morlan, J,, Schow, P., 
Fong, S., Schwall, R., Sinicropi, D., and Ashkenazi. A T umor cell resistance to 
deatii receptor induced {^optosis tiux)ugh mutational inactivation of the 
pros^optotito Bcl-2 homolog Bax.\A/a<ureM»/. 8, 274-281 (2602). 
MiUer, K., Meng. G., Uu, J., Huist, A., Hsei, V., Wong, W-L.. Ekert, R., 
Lawrence, D., iSherwood, S., DeForge, L., Gaudreault, Keller, G., Sliwkowski, 
M., Ashkenazi.^A .. and Presta, L. Design, Construction, and analyses of 
multivalent antibocKes. J. Immunol. 170, 4854-4861 (2003); 
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68; Varfolomeev^MKiscldceUF,, Martin, 

Tom, L., Erickson, S., Fr^ch, D., Schpw, P., (h«wal, I and AshkenaA A. 
Inmiune system development in APIUL knockout 

Review articles: 

1. AshkenazL A.. Peralta, E., Winslow, L, Ramachandran, J., and Csppn, D., J. 
Functional role of muscaiinic acetylcholine 1^ 

Spring Harbor Symposium on Quantitative Biology. LIII,v263-272 (1988), , 

2. Ashkenazi. A .. Peralta, E., Winslow, J., Ramachandran, and Qq)on, D. . 
Functional diversity of muscarinic receptor subtypes in celto^ 

- ' transduction imd growth; Wehds-PharmaeolrScL iSorStipplement, 12-21 (1989), 

3. Chamow, S., Duliege, A., Ammann,lL, Kahn, J., Alien, D., Eichberg, J., Byrn, 
R, Capoia, D., Ward, R, and Ashkenazi> A . CD4 iinmunoadhesins in anti-HIV 

. therapy: new developments. Int. J. Cancer Siq)ple4ient 7, 69-72 (1992). 

4. Ashkenazi, A .v Capon, and D, Ward, R Immunoadhesiii^. InU Rev. Immunol 10, 
217.225(1993). 

5. Ashkenazi, A ., and Peralta, E. MuscarinipReceptois. In i/an^oo^q/^ 

and Channels. (S. Peroutka, ed.), CRC Press, BocaRaton, Vol. I, p. Ir27, (1994). 

6. Krantz, S. B., Means, R t., Jr., Lina, J., Marsters, S. A., and Ashkenazi. A . 
Inhibition of eiythroid colony formation in vitro by gamma interferon. In 
Molecular Biology of Hematopoiesis (N. Abraham, R, Shadduck,* A. Levine F. 
Takaku, eds.) Intercept Ltd. Paris, Vol. 3, p. 135-147 (1994). 

7. . Ashkenazi. A . Cytokine neutralization as a potential therapeutic iqiproacli for 

^ SIRS and sh©ck. J. BiotechS>lagy in Healthcare 1 , 197-206 (i994). ^ ^ 
8; Ashkenazi. A ., and Chamow, S. M. Immunoadhesins: an alternative to human . 
inonoclonal antibodies. Immunomethods: A companion to Methods in 
Enzimology 8, 104-115 (1995). 

9. Chamow, S., and Ashkenazi. A . Immunoadhesins: Principles and Applications: 
Trends Biotech. 14, 52-60 (1996). 

10. Ashkenazi. A ., and Chamow, S. M. Immunoadhesins as research tools and 
therapeutic agents. Curr. Opin. Immunol 9, 195-200 (1997). — 

11. Ashkenazi. A ., and Dixit, V. Death receptors: signaling and modulation. Science 
281,1305-1308(1998). 

1 2. Ashkenazi, A ., and Dijcit, V, Apoptosis control by death and decoy receptors. 
Curr. Opin. Cell Biol 11, 255-260 (1999). 



13. AshkenazL A . Ch^tors on Apo2I/niAIL; DR4, bR5, DcRl, DcR2; aftdt)cR3. : 
Online Cytokine Handbook (wvm.ai>net:com/cvtokmerefereace^ 

14. Ashkenazi, A . Targeting death and decoy receptors of the tumnr necrofgjg fantnr 
super fsxxdly J Nature Rev. Cancer 2, 420-430 (2002). 

15. LeBlanc, H, and Ashkenazi. A . Apoptosis signaling by Apo2L/TRAIL. Cell Death 
and Differentiation 10, 66-75 {20^^ 

16. Almaisan, A. and Ashkenazi, A . Ap62I/rRAIL: apoptosis signaling, biology, and 
potential for cancer therapy. Cytokine and Growth Factor Reviews 14, 337-348 

. (2003). 

Book: 

Antibody Fusion Protdns (Chainow, S., and AshkenazL A. , eds,, John Wiley and 
Sons Inc.) (1999). 

Talks: 

1. Resistance of primary HIV isolates to CD4 is indq)endent of CD4-gpl20 binding 
affinity. UCSD Sympbsiimi, HIV Disease: Pathogenesiis and Therqjy. 
Greenelefe, FL, March 1991. 

2. Use ofiinmuno-hybrids to extend the half-life of IBC conference on 
BiopharmacQutical HalfUfe Extension. New Orleans, 

3. Results with TNF receptor bununoadhesins for the Treatmmt of Sq)sis. IBC 
conference on ^dotoxemia and ^q:risis. ISiiladelphia, PA/June4992^. ^ - 

4. Inmiunoadhesins: analteniiativetohuniahantibodi^^ IBC conference on 
Antibody Engineering. San Diego, CA, December 1993. 

5. Tumor necrosis factor receptor: a potential therapeutic for human septic shock. 
American Society for Microbiology Meeting, Atlanta, GA^ May 1993. 

6. Protective efficiacy of TNF receptor immunoadhesin vs anti-TNF monoclonal 
antibody in a rat model for endotoxic shock. 5th hiternational Congress on TNF. 
Asilomar, CA, May 1994. 

7. Interferon-y signals via a multisubunit receptor complex that contains two types of 
polypeptide chain. American Association of Lnmunologists Conference. San 
Franciso, CA, July 1995. 

8.. Immunoadhesins: Principles and Applications. Gordon Research Conference on 
Drug Delivery in Biology and Medicine. Ventura, CA, February 1996. 
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9. Apo-2 Ligand, a new membo: of flie TNF family tkat induciss apoptosis k tumor 
cells. Cambi;idge Syixi|)osiitm on TNF and Related Cytokineis in Treatnient of 
Cmoec. Hilton-Head, NG, March 1996. 

1 0. Mduction of sqjoptpsis by App2 Ligand. American Society for Biochemistiy and 
Molecular Biology, Symposium on Growth Factors and Cytokine Receptors. New 
Orleans, LA, June, 19>96. 

IL Apoi2 ligand, an extracellular trigger of apoptosis. 2nd Clontech Syii^osium, 
Palo Alto, CA, October 1996. 

12. Regulation of s^optosis by monbers of the TNF ligand and receptor femilies. 
Stanford University School of Medicine,'Palo Alto, CA, December ^^^^^ 

13. ^0-3; anovel receptoi; that regulates cell dealth^ayid^inflammjition: 4th - 
ihtemjdonal Congress on Immune C6nsec[U(Bnces of .TS:ai^^ 

Munich, Germany, March 1997.. 

14. New memb^ of tiie TNF ligand and receptor families that rejgulate {^ptosis, 
inflammation, and immunity. UOLA School of Medicine, LA, CA, March 1997, 

15. hnmunoadhesins: an altematiye to monoclonal antibodies; 5th World Confo^nce 
on Bispecific Antibodies. Volendam, Holland, June 1997. 

1 6. Control of Apo2L sigmding. Cold Spring Harbor Laboratory Sjniposium on 
Prpgrammed Cell Death. Cold Spring Harbor, New Yoik. Sq)temb^, 1997. 

17. Chairman and speaker, Apoptosis Siigialing session. IBC's 4lh Annual 
Conference on Apoptosis. San Diego, CA.,OctobCT 1997. 

18. Q>ntrol of Apo2L signaling by death and decoy recqitors. American Association 
fortheAdyancCTient of Science. PWlladelphia, PA, February 1998. 

r- 19.- ^o2^Ugand said itt^eceptors. Am^can Sockty of Immunologists^ San 
Francisco, CA, April 1998: 

20. Death recq)tors and ligands. 7th hitemational TNF Congress. Cape Cod, MA, 
Nfayl998. 

21. Apo2L as a potoitial thenpeutic for cancer. UCLA School of Medidne. LA, 
CA, June 1998. 

22. ^o2L as a potential therapeutic for cancer. Gordon Research Confoience oh 
Cancer Chemothersqjy. NewLondon, NH, July 1998. 

23. Control of apoptosis by Apo2L: Endpcrme Society Conference, Stevenson, WA, 
August 1998, 

24. Control of apoptosis by j^2L. International Cytokine Society Conferrace, 
Jerusalem, Israel, October 1998. 
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25. Apoptosis control by death arid decoy receptors. American Association for 
Cmcer Research Conference, W 

26. Apoptosis control by death and decoy receptors. American Society for ' 
Biochemistry and Molecular Biology Ciraference, San Franciscd, CA, May 1999; 

27. Apoptosis control by death and decoy receptors. Gordon ReseairchC^nfere^ 
Apoptosis, New London, NH, June 1999. 

28. Apoptosis control by death and decoy receptors. Arthritis i^oimdation Researph ' 
Conference, Alexandria GA, Aug 1999. , 

29. Safety suid anti-tumor activity of recombina^^ Cold 
Spring Harbor I^boratoiy Symposium on Programmed Ce Cold Spring 
Haibor,NY>'S€^)temberl999*-^^^^ ^ t 

30. The Apo2I/rRAIL system: dierapeutic potential. American Association for 
Cancer Research, Lake Tahoe, NV, Feb 2000. 

31. .^>optosis and cancer therapy. Stanford University |School of Medicine, Stanford, 
CA,Mar2000: 

32. Apoptods £fnd cancer th 
Philladelphia, P A, Apr 2000. 

33. Apoptosis signaling by Apo2L/TRAIL. . Lntemational Confess on TNF. 
Trondheim, Norway, May 2000. 

34. The Apo2L/TRAIL system: therapeutic potential. C£q>-CURE summit meeting. 
Santa Monica, CA, June 2000. 

35. Ilie Ap62i/IRAIL system: therapeutic pptenti^^ MD And^pri Cancer Center. 
Houston, TX, June 2000. 

36; /'^'Apoptosis d 

San Diego, CA, August 2000. 

37. Anti-tumor activity of Apo2ljTRAIL. AAPS annual meeting. Indianapolis, IN 
Aug2000. 

38. Apoptosis signaling and anti-cancer potential of Apo2L/TRAIL. Cancer Research 
Institute, UC Sah Francisco, CA, September 2000. 

39. Apoptosis signaling by Apo2I/rRAIL. Kenote address, TNF family 
Minisymposium, NIH. Bethesda, MD, September 2000. 

40. Death receptors: signaling and modulation. Keystone symposium on the 
Molecular basis of cancer. Taos, NM, Jan 2001 . 

41. Preclinical studies of Apo2L/TRAIL in cancer. Symposium on Targeted therapies 
in the treatmOTt of lung cancer. Aspen, CO, Jan 200 1 , 
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42. Apoptosis signaling by ApolI/TRAE,. Wiraonann Institute of Scidic^ RehoVot, 
Israel, March 2001. 

43. Apo2I/rRAIL: Apoptosis signsiling and potential for cancer therapy. W«zmann 
Institute of Science, Rehovot, Israel, March 2001. 

44. Targeting death receptors in cancer with Apo2I/IRAIL. Cell Death and Disease 
conference. North Fahnouth, MA, Jun 2001. 

45. Targeting death receptors in cancer with Apo2L/TRAIL. Biotechnology 
Organization conference, San Diego, CA, Jun 2001 i 

46. Apo2I/FRAIL signaling and apoptosis resistance mechanisms. Gordon Research 
Conference on Apoptosis, (>xford, UK, July 2001. 

47. ■Apo2L/TRAILsigna^:andiq)optosiS'resistancemechaiusi^ 
Foundation, Cleveland, OH, Oct 2001. 

48. Apoptosis signaling by death reicq)tors: ovCTview. Intonational Sodety ifor 
interferon and Cytokine Research conferrace, Qevelaftd^ OH^ Oct 2001 . 

49. Apoptosis signaling by death reenters. American Society of Nephrology 
Ck)nferaice. San Francisco, C^ Oct 2001. 

50. . Targeting death receptors in cancer. Apoptosis: commercial opportunities. San 

Diego, CA, Apr 2002. 

51. Apo2L/rRAIL signalmg and qioptosis resistance mechanisms. Kimmel Cancer 
Research Caiter, Johns Hopkins University, Baltin^ore MD. May 2002. 

52. Apoptosis control by Apo2L/TRAIL. (K^ote Address) University of Alabama 
Cancer Cent» Retreat, Birmin^am,Ab. October 2002. 

53. Apoptosis signaling by Apo2L/TRAIL. (Session co-chair) TNF international 
~ ^ conference. -filki Diego, CAr October 2002. - * » • 

54. Apoptosis agnaiingbyAp62L/IllAn.. Swiss Institute for Cancer Research 
(ISREC). Lausanne, Swizerland. Jan 2003. 

55. Apoptosis induction wifli Apo2L/TRAIL. Confi^i^ce on New Targets and 
Innovative Strategies in Cancel; Treatmrat Monte Carlo. February 2003. 

56. Apoptosis sig^nalinjg by Apo2I/rRAIL.Hermelin Brain Tumor Center 
Symposium on Apoptosis. Detroit, ML ^ril 2003. 

57. Targeting {^optosis through death receptors. Sixth Annual Conference on 
Targeted Therapies in tiie Treatm^t of Breast Cancer. Kona, Hawaii. July 2003. 

58. Targeting q)optosis tbroujgh dieath recq>tors. Second Intemational Conference on 
Targeted Cancer Therapy. Washington, DC. Aug 2003. 

Issued Patents: 



1 . Ashkenazi, A., Chamow, S. and Kogan, T. Caibohydirate-directed ax)ssliiikuig 
reagents; US patent 5,329,028 (Jul 12, 1994). 

2. Ashkenazi, A., Chamow, S. and Kogan, T. Caibphydraterdirectk (Aossliiiking 
reagents. US patent 5,605,791 (Eeh 25, 1997). • 

3. Ashkenazi, A., Chamow, S. ittid Kogan, t, Caii)othydrate-duwtfed (ax)sslinking 
reagents. US patent 5,889,155 (Jul 27, 1999V 

4. Ashkenazi, A., APO-2 ligand. US patent 6;b30,945 (Feb 29, 2000). 
5; Ashkenazi, A., Chuntharapai, A., Kim, J., APO-2 ligand antibodies. US patent 6, 

046, 048 (Apr 4, 2000). 

6. Ashkenazi, A., Chamow, S. and Kogan, T. Catbphydrate-directed m>sslinking 
reiagehts..JJS.i»^te^6,l24,435(Se|»^26,c2000). v ^ , 

7. AsUcenazi, A., Chunthanq>ai, A., Kim, J., Method for miking monoclonal and cross- 
reactive antibodi^. US patent 6,252,050 (Jun 26, 2001). 

8. Ashkfenazi, A. APO-2 Receptor. US patent 6,342,3^9 (Jan 29, 2002), 

9. Ashkenazi, A. Fong, S., Goddard, Al, Gumey, A., N^ier, M., Tumas, D., Wood, W. 
A-33 polypeptides, US patent 6,410,708 (Jun 25, 2 

10. Ashkenaa, A. APO-3 Receptor. US patent 6,462,176 Bl (Oct 8, 2002). 

11. Ashkenazi, A- AP0-2LI and APO-3 polyp^tide antibodies. US patent 6,469,144 Bl 
tQPt22,2002). 

12. Ashkenazi^ A., Chamow, S. and Kogan, T, Caibohydrate-directed o-osslinking 
reagents. US patent 6,582,92881 (Jun 24, 2003). 
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FROM. Y O U L A B. 0 R A T O. R Y S E R V I C E S PR OVID E 



HERr2/iieu Breast Cancer Predictive Testing 

. . Each YEAR, over \ 82,000 wo^«BN in the Unitei States are rccarrencc risk in women younger than 40 years of age for 
d^gnoscd with breast cancer, and approximately 45,000 die low- versus Wgh-amplificd tninon (S4.S% compa^d to 
of the disease.! Incidence appears to be increasing in |he 85.7%); Als is ctoii^pared to a rcounence rate of 1 6 7% for 
lfeited §tat<»mii rate roughs patlwte with no HER-2Aieu gene aiiv 

for tiie ift<5Base arenndOT^ 

? ^JayaJf»8e.tole.^V^/^ r ^. 

Five-year sarvival rates range^n%pidSainateiy 6S%^ ^ Thr^ioiccofnaeflkK^ - 
85%, dqiending on demogr^hic group/.wifli a significant nea^tuis Spends falpan on dsedidcal s^fc&ig. FDA approval 
' percentage, of women e3q>^endng recurrent . „ .'T*'. . 

. within 10 years of diagncfsis. One of the factors most piedic- 
tive for reciarrence once a diagnosis of breast .caneqr has been 
n»de is the nmnber c^ axillaiy iym 
' has metastasized. Most noderposittire women are given adjn-. 
vant therapy, which tacreases their toviyal. However, 20%- 
^O^^^f-patiems wjtbdut «xil)a^-node invdlvement also 
devd(q[) recorrent <Usease,^and &e dtffic^ 
tily this high-risk snbsel of patients, These patients could 
benefit franir'.ijiCDeased surveiUuiM, eaiily intervention, aiid 
treatment. *.'.'. 

Prognostic markers currently used in breast cancer lecur- 



fi^r fte Vysis FISH test was granted based on clinical frials 
faivolvina 1549 node-positiye patients. Patients received one 
of diree dificsrent treatments consisting of difierent doses of 
cydophp^phaniide, Adriamydn, and S-ftoorouiaci] (CAFX 
The stu<fy showed that patients with amplified HEIU2/Qeu 
benefited fiom treatment with higher doses of .adriamycin- 
based thempy,-udule^diosewithi^^ . 
not The study fiie^fofe identified^ a sub^ of women, who 
•because ihey did not benefit from. more aggre^ive treatment, 
did not need to be exposed to the asspdaOMl side effects/ In 
addition, other evidence mcUcates that HB1i«2/neu amplifica- 
tiba ii> node-negative patients can be used as an independjent 



renceprediction mdudetivnor size, histological grade, steroid prognostic indicator for eafly recunence, recunent disease at 



hotmone recqitor status, DfNA idoidy, pcolifoatNe index, and 
cathepsin D status. Expression of growth fitctor recq)tors and 
over-^?q>ression of the H£R<*2/tteu oncogene have also been 
identified as having value regardmg treatmeAt legfauiea and 

i^jognps:;'^: " 

¥3^Vt^ (4^0 knis^wris o-eiW2) ifan oncogene £at 
encodes a transmembrane gjycoprci^in that is homologous 
toi but distinct from, the epidermal growth factor receptor, 
Numerous studies . have indicated fiiat high levels of mpres- 
aion of this protein are associated wifli rapid tumor growth, 
certain forms of dierapy resistance, and shorter disease-free 
survival. The gene has been shown to be amplified and/or 
ovoexprpssed hi 10®/(-30% of invasive breast cancel^ and in 
40%^0% oif'intraductal breast cardnbma.' 

There are two distmct FDtA-app^ed niethods by. which 
HER-2/neu status can be evaluated: muhunoliistochemistry 
GHC, HetcepTesf«M) and FISH (fluorescent in situ hybridiza- 
tion, PathVyslon^ Kit). Both methods can be performed on 
amhived arid current speohnem. the first mettiod allows visual 
assessment of the amount of HER-2Aieu protein present (m 
die cell membrane. Ttie lattermediod.allows dutct quantifi- 
dation of die level of gene amplification present in the tumor, 
enabling dtfierentiation between low- versus Wgh-ampHfica- 
tidh. At least one study has demonstrated a difference in 



at^timeand disease-related deafh.^ Dem<m8tration of HBR^ 
2/heu gene ampliiication by FISH has also been shown to be 
of value fa) predlpting response to dtemqdierapy in sugc'2 
breast canbar patients. \, ^ 

. SelMtion.of^tients^fbrJto^ 

olortet anti^dy%eiai9,^Ecrwe^ is based upm demons* 
tioo &rHBIi»2/neu proton fmkexpressibn usii^ Hi^rcepTesC^M. 
Studies using Herceptin^ in patients wioi metastatic breaat 
cancer show an bcrease in time to disease progression, 
increased response rate to chempdierapeutic agents and a ^11 
increase in overall survival rate* The FISH assays have n<^ yet 
been approved for this purpose, and studies looktng'at ieqKnise 
to Her^vtm^ in patients with cr widipm gene amplification 
status determined by FISH are m pro^s. 

In genetal, FISH and DiC results correlate well However, 
subsets of tumors are found which show discontaht results; 
i:e., protein overexpf ession without gene amplification or lack 
of protein oyerexpression with gene amplification. The Clini- 
cal significance of suchresidts is unclear. Based on the above 
considenrtions,HER*-2/n^ testing at SRMOPAML wUl udv 
lize hnmunohistochemistry (Hercqilbs^ as a screen, fot* 
lowed \sy FJSH m IH&negative cases. Alternatively, either 
method may be ordered mdividually depending on the clini- 
cal setting clinician preference. 
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€PT code information ^ . 

SEB^/aeuylalHC 

SQ42 Onclttdtag interjptetive report) 

nER-l/nei) via FISH 

'8Gt71 x2 MolecaW iqit^oNii^ DNA probe, each 
811274 Molecalar cytogenetic^ intetphase in »^ 

.fa^tioii, analyze 25*99 cells 
. 81291. Cytogenetics and molecular cytogenetics, imerpre^ 

fationan^jl report 
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lomanohrstoiAeinistry is perfbrni^d w 
tt\KO antibody kit; HercqptestO, The DAKO kit contaifis 
itagents required tQ complete a two-atq» immanohisto^ 
c tohig j staftiing procedure fiMitnttinely junoc^ssed^ paraipiir. 
esibe^ed ^ctqi^.Fi^ow^ 
iM>ft antltoa^ to Iran^ 

area<^«toHi$e dextran4>a$ed visoalization reagoit lliia re- 
agent consists of both sccondaiy goat antin^bbit antibody 
nolecoles wiidi horseamdishperosddase molecides lusJced t^ a 
comhcm dextran polymer baddMme, thus eliminating the i^ 
. fcr sequential application of link, antibody and peroxidase 
conjugated antibocfy. Prismatic conversioa of the subse- . 
fientiy added ^ctoomogen results in. formation of visible 
reaction product sit ttieantigen site^Thei^pedmen & tiienconn* 
tmtained; a patiiologist using light-nticroscopy interprets . 
.lesuUs. 

FISH analysis fit SHMC/PAML is performed using tiie 
roA-uppiwed P aihVywon™ HER-2Akeu DNA probe kit, pro- 
^boedby Vysis^lttc^Eormalin fixed, pivaffin-embedded breast 
tissue is proce^ using routine histtrfoglcfid metiuxls, andtiien 
dides are treated to aQow h^ridization of PNA probes to tiie 
oncld present in dse tissat section. llieTatitvyslon™ kit cm- 
Uitns two direct4abe1ed DMA probes, one specific for the 
dphmd repetitive DNA (CEP 1 7, jfipectrum orange) present at 
- ihe chit>]i^sptiie4f^^nS^^^ ttirseborri^ tiie HER- 
i'neuoncogdielocirtedatnqni-nCsi^^ 
memtion of die probes allows a ratio of the iramber of copies 
of chromosome 17 to the n\unber of copies of HER*2/heu to 
be obtained; this enables quantification of low versus high 
amplification levels, and allows an estimate of tiie percentage 
of cells witii.HER-2/neu gene amplification. The clinically 
relevant distinction Is whedier the g^ne amplification is doe 
to faicrea^ gene cqpy number cm the two chromosome 17 
hc»aolbgues normal^ present or an increase in tiie number.of 
chromosome 17s hi the cells« In tire majority of cases, ratio 
equivalents less than 2.0 are indicative of a normal/negative 
remh, ratios of 2.1 and over indicate that amplification is 
present and to what degree. Intetpretaticm oftbisdatawiilbe 
perfonhed and reported flpom tfi^ Vysis-oertified Cytofenet- 
ics iaboratoiy at SHMC. 
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